substitute claims) and the remarks set out below. 

Support for the amendment 

No new matter has been added, and support for the claims now 
pending herein is present in the same places as for previous 
claims 49, and 60-61 and 64-65 (in previous claim 56, at pages 
21-22 (Example VIII), and Table 8; previous claim 57 and in the 
specification support therefor; and in previous claim 59 and in 
the specification support therefor) . 

Summary Statement Regarding Patentability of the Claimed 
Invention 

Because the Examiner did not respond to Applicants 1 
previously amendment in the parent application hereto, regarding 
claims 49 , 60-61 and 64-65, Applicants repeat herein the 
statement found in the parent application. 

The invention as claimed herein is not obvious in view of 
the cited art because none of the cited references or the 
combination thereof teach or suggest selecting a Lactobaci 1 lus 
reuteri strain which produces 6-hydroxypropionaldehyde under 
anaerobic conditions and in the presence of glycerol or 
glyceraldehyde, nor do they teach or suggest this process step in 
combination with addition of the L. reuteri to foods, to other 
bacteria or to the gastrointestinal tract of an animal. 

Applicants respectfully submit that even if a prior 
publication had reported on how a researcher had gathered up all 
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of the " L. ferment urn " strains which had ever' been isolated and 
had added them to foods, other bacteria, or the gastrointestinal 
tract, it would not have been obvious to one of skill in the art 
prior to such an experiment that some of these strains (now 
classified as L. reuteri l would produce the antibiotic B- 
hydroxypropionaldehyde, nor would it have been obvious how to 
select such strains from the group of " L. fermentum " and to use 
them as described in the claimed invention. 

Response to the Examiner 

In the most recent Office Action of November 16, 1993 on the 
parent of the parent application herein, the Examiner took the 
following actions which are of relevance to the instant 
application and for which Applicants' amendments have not been 
responded to by the Examiner in writing: (1) stated that the 
specification should be reviewed for errors, in particular 
Figures 13A and 13B; (2) rejected claim 59 (corresponding to 
claim 64 as added by the amendment of March 16, 1994 in the 
parent application, and now to new claim 69 added herein) under 
the judicially created doctrine of obviousness-type double 
patenting as being unpatentable over claims 38 and 39 of 
copending S.N. 08/081,838 (our file BIOA 5041P) ; (3) rejected 
claims 49 and 56-57 and 59 (corresponding to claim 49 and claims 
60, 61 and 64 added in the amendment of March 16, 1994, and now 
to new claims 67-69 now pending herein) under 35 U.S.C. §112, 
first and second paragraphs with respect to (a) "more inhibitory 
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of bacterial numbers. . .glyceraldehyde" (claim 49), (b) the 
concentration of glycerol or glyceraldehyde; (c) "50 units"; (d) 
"being genetically characterizable" ; (e) "reduced at least 10 2 - 
fold lower" (claim 56; now claim 67) ; (f) "providing the presence 
of a precursor substance"; (g) "without adding glucose"; (h) 10 8 
cells of L. reuteri per ml (per g of food item) ; (i) providing 
the presence. . . (claim 57; now claim 68) ; ( j) "the number of added 
cells.... of about 10-fold less than the initial number of said 
bacteria" (claim 57(b)); (k) "probiotic effect" (claim 59; now 
claim 69); (1) "an amount sufficient to colonize" (claim 59; now 
claim 69); (4) objected to the specification under 35 U.S.C. 
§112, first paragraph with respect to (a) "preservation"; (b) a 
"unit" of B-hydroxypropionaldehyde; (c) ratio of 6- 
hydroxypropionaldehyde to food; (d) the support for at least 
about 50 units of 6-hydroxypropionaldehyde (claim 49) ; (e) the 
support for production of B-hydroxypropionaldehyde under any and 
all storage conditions (claim 56; now claim 67), stating that 
these terms were new matter and should be deleted; (5) rejected 
claims 49 and 56 (now claim 67) under 35 U.S.C. §112, first 
paragraph for the reasons set forth in the objection above; (6) 
objected to the specification under 35 U.S.C. §112, first 
paragraph, for reasons provided in the previous office action; 
(7) rejected claims 49, 56 and 57 (now claims 49, 67 and 68) 
under 35 U.S.C. 112, first paragraph for (a) the reasons set 
forth in the objection, and (b) the declaration of Dr. Casas- 
Perez does not include the concentration of L. reuteri r the form 
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of L. reuteri . or what else is in the preparation, and spraying 
or in ovo injection do not bear a clear relation to feeding, and 
the experiments only deal with S. typhimurium . (c) the 
conclusions regarding correlation with in vitro work is not 
substantiated by the evidence; (8) rejected claim 59 (now claim 
69) under 35 U.S.C. §102 (e) as anticipated by or, in the 
alternative, under 35 U.S.C, §103 as obvious over Nurmi et al., 
newly cited in light of Sarra et al., stating that the claim does 
not specify what has been done to assure that glycerol is "co- 
present" and that Nurmi 1 s L. fermentum has not been shown by 
Applicant to be different from L. reuteri used by Applicant; (9) 
rejected claim 59 (now 69) under 35 U.S.C. §102 (b) as anticipated 
by or, in the alternative, under 35 U.S.C. §103 as obvious over 
Snoeyenbos et al. in light of Nurmi et al. (newly cited) and 
Sarra et al.; (10) rejected claims 57 and 59 (now claims 68 and 
69) under 35 U.S.C. §103 as being unpatentable over Snoeyenbos et 
al. , taken with Nurmi et al. (newly cited) , Sarra et al. , Sandine 
et al., and Goldin et al., stating in addition to statements made 
in the previous rejections, that the declaration of Dr. Casas- 
Perez is not commensurate in scope with the degree of protection 
sought by the claim, requested the complete citation for a 
publication mentioned in 08/088,407 (our file BIOA 5055P) , stated 
that the correct classification of the strains in the references 
has not been established on the record; and (11) rejected claims 
49, 56 and 57 (now claims 49, 67 and 68) under 35 U.S.C. §103 as 
being unpatentable over Kawai et al., Yokokura et al., Sarra et 
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al., Sobolov et al. and Litchfield et al. These rejections are 
traversed in application to the claims as amended, and 
consideration is requested of the patentability of claims 49 and 
67-70 now pending in the application. 

Because the Examiner did not respond to Applicants 1 remarks 
and the previous amendment in the parent application hereto, 
regarding claims 49, 60-61 and 64-65, Applicants repeat herein 
the relevant statements found in Applicants' amendment of March 
16, 1994, in the parent application. 

(1) Statement that the specification should be reviewed for 
errors 

Applicants have reviewed the application for errors, and in 
particular, with respect to Figures 13 A and 13B, Applicants have 
amended page 8 at lines 4 and 7 to correct the inadvertent 
typographic error in describing the two parts of Figure 13. 
Support for these corrections is clearly found in the 
specification describing the Figures and in the Figures and 
figure legends themselves. In particular, the figure labeled 
"Figure 13A" has the vertical axis simply labeled "CFU ml" 1 or 
PFU ml" 1 " and the figure labeled "Figure 13B" has the vertical 
axis labeled the same plus the word "percent" in parentheses. 
This labeling plus the fact that the largest number on the 
vertical axis for Figure 13B is "100", while Figure 13A has 
numbers ranging to "10 5 " clearly shows that the description of 
Figure 13 A as showing "percent" is incorrect, as is the 
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description of Figure 13B as showing "actual counts". Therefore, 
Applicants have amended to figure legend on page 8 to correctly 
describe what is shown in these two figures. 

Applicants have also corrected the reference to prior 
applications on page 2 of the specification, and have corrected 
the title to that found acceptable by the Examiner in the parent 
applications. 

(2) Rejection of claims 58-59 under the judicially created 
doctrine of obviousness-type double patenting 

Claim 59 corresponds to currently pending claim 69. 
Applicants will submit a terminal disclaimer with respect to this 
application, when the application is otherwise deemed to be in 
allowable form. 

(3) Rejection of claims 49 and 56-59 under 35 U.S.C. S112, first 
and second paragraphs : 

(a) "more inhibitory of bacterial numbers. . .glyceraldehyde" 
(claim 49) 

Claim 49 was amended in the parent application preliminary 
amendment to recite "said method reducing the number of bacteria 
more than does treatment with 250 mM glycerol or glyceraldehyde. 
Applicants respectfully submit that this amendment clearly and 
definitely specifies the reduction in the number of bacteria. 

(b) the concentration of glycerol or glyceraldehyde 
Applicants have amended claim 49 to recite the concentration 
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of glycerol or glycer aldehyde, and therefore submit that this 
concern of the Examiner has been overcome. 

(c) "50 units" 

Applicants respectfully submit that "units" of reuterin (6- 
hydroxypropionaldehyde are clearly defined on page 17 as 
discussed above; however, to clarify claim 49, Applicants have 
converted the "50 units" to "/zg" of antibiotic as specified on 
that page. 

(d) "being genetically characterizable" 

In substitute claims 67 and 68, Applicants have deleted this 
terminology to being unnecessary, in accord with the Examiner's 
allowed terminology of claim 66 in the parent application hereto. 

(e) "reduced at least 10 2 -fold lower" (claim 56) 

In substitute claim 67, Applicants have added terminology so 
the comparison in the claim is to "an untreated control food item 
after 4 days". Applicants therefore respectfully submit that 
claim 67 replacing claim 56 clearly recites a comparison of the 
number of bacteria in the treated items with the number of 
bacteria in the untreated item at the same time period (4 days) 
of incubation. Applicants have also deleted the word "lower" 
from the preamble of this claim as being redundant. 

(f ) "providing the presence of a precursor substance" 

In substitute claims 67 and 68, Applicants have clarified 
the terminology by using the word "adding". 

(g) "without adding glucose" 

Applicants haye deleted this terminology in the claims 
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pending herein. 

(h) 10 8 cells of L, reuteri per ml (per a of food item) 
Applicants have replaced this terminology with the 

previously intended terminology of "per gram of food item" in 
claim 67 pending herein as a replacement claim for claim 56. 
Applicants therefore submit that claim 67 clearly recites the 
proportion of cells with respect to the food. 

(i) providing the presence. (claim 57) 

Claim 68 has also been changed to delete this terminology 
and recite "adding". 

( j) "the number of added cells of about 10-fold less 

than the initial number of said bacteria" (claim 57(b)) 

Claim 68(b) replacing claim 57(b) has been changed to 
recite: "the number of added cells of Lac t obac i 1 lus r euter i 
being about 10-fold less than the number of said non- 
Lactobacillus reuteri bacteria present prior to said treatment". 
Applicants respectfully submit that this terminology clearly 
specifies the relative number of L. reuteri added as compared to 
the non- L. reuteri bacteria, and more clearly defines "said 
bacteria" . 

(k) "probiotic effect" (claim 59) 

Substitute claim 69 now pending herein now recites "A method 
for providing a probiotic to the gastrointestinal tract of an 
animal...." This terminology is clear and definite as a term 
used to state that the substance provided a benefit to the animal 
to which it was given, and was clearly described in the 

-13- 



specification (see, for example, page 2, lines 12-15, and in the 
publications cited in the specification) . Applicants also 
respectfully refer to the enclosed reviews (reviews by Fuller, 
Fox and Parker) who have discussed this long-used term which is 
well-known in the art. Applicants therefore submit that the 
claims as now worded with the term "probiotic" are clearly 
defined and enabled by the application. 

(1) "an amount sufficient to colonize" (claim 59) 

Applicants respectfully submit that this terminology in 
pending claim 69 is clear and well-supported by the 
specification. One of skill in the art would clearly know what 
colonization is and what levels of treatment with Lactobacillus 
reuteri would be likely to be successful, knowing that the amount 
of cells used to feed to pigs enabled such colonization as 
described in the specification. Preliminary routine 

experimentation in an unknown a animal system (for example, a 
particular type, age and condition of animal) allows simple 
determination of the amount of inoculum that results in 
colonization for that animal system. Colonization of a 
particular system by L. reuteri is easy to determine using the 
methods set forth in the instant application (e.g., the overlay 
method described at page 9, line 15 to page 10, line 16), which 
are specific for L. reuteri . 

Applicants respectfully submit that claims 49 and 67-69 
(replacing claims 56-57 and 59) are patentable under 35 U.S.C. 
§112, first and second paragraphs. 



i 



• # 

(4) Objectio n to the specification under 35 U.S.C. <S112. first 
paragraph : 

(a) "preservation" 

While Applicants continue to submit that the "preservation" 
of a food item, with respect to an untreated food item, is 
clearly accomplished by reduction of the numbers of bacteria, 
Applicants have amended claim 49 and has changed the terminology 
in replacement claim 67 (for claim 56) to recite "reducing the 
number of bacteria" to more clearly describe the claimed 
invention. 

(b) a "unit" of 6-hvdroxvpropionaldehvde 

As discussed above in response #5(c), Applicants have 
amended the claims to specifically recite the number of 
micrograms of B-hydroxypropionaldehyde utilized, 

(c) ratio of 6-hydroxvpropionaldehyde to food 

As discussed above in response #3 (h) , claim 49 now pending 
herein clearly recites the ratio of B-hydroxypropionaldehyde to 
food. 

(d) the support for about 50 units of R- 
hvdroxvpropionaldehvde (claim 49) 

As discussed in the previously filed Amendment, and at page 
20, line 15 to page 22, line 23, about 50 units of the antibiotic 
(shown in the specification to be 6-hydroxypropionaldehyde) is 
effective in reducing bacterial numbers. 
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( e ) the support for product ion of fi-hvdroxvpropionaldehvde 
under anv and all stor age conditions (pending claim 67 
corresponds to previou s claim 56) . stating that these 
terms were n ew matter and should be deleted 
Applicants respectfully submit that the specification, for 
example, Figure 3, indicates that B-hydroxypropionaldehyde is 
produced at a wide variety of temperatures, including body 
temperature (37°C) , room temperature (about 25°C) , down to below 
normal refrigeration temperatures (results shown at 4°C) . 
Applicants have amended the claims to recite placing the food 
item under storage conditions wherein the Lactobacillus reuteri 
strain is able to produce 6-hydroxypropionaldehyde. Applicants 
respectfully submit that such conditions are clearly defined in 
the specification. 

Applicants therefore submit that the specification meets the 
requirement of 35 U.S.C. §112, first paragraph. 

(5) Rejection of cl aims 49 and 56 under 35 U.S.C. S112. first 
paragraph for the reasons set forth in the objection above 
Applicants respectfully incorporate herein the above 
remarks, and submit that claims 49 and 67 (replacing claim 56) 
meet the requirements of 35 U.S.C. §112, first paragraph. 



-16- 



( 6 ) Objection to th e specification under 35 U.S.C. S112. first 

paragraph , for rea sons provided in the previous office 

action 

Applicants respectfully incorporate herein their responses 
to this objection as filed on September 24 , 1993 in the parent of 
the parent application. Although Applicants are not absolutely 
sure which particular objection under 35 U.S.C, §112, first 
paragraph is meant by the Examiner here, Applicants assume that 
what Applicants termed #"(9)" in the amendment filed on September 
24, 1993 contains the particular points the Examiner wishes to 
have addressed herein, since these matters are not otherwise 
discussed herein as being either relevant or moot. Should this 
assumption by Applicants be incorrect, Applicants respectfully 
request a chance to respond to whatever other point (s) the 
Examiner wished to have addressed herein. 

Thus, in response to this rejection under 35 U.S.C. §112, 
first paragraph, Applicants respectfully submit that the claims 
pending herein each specify dosage of the 6- 
hydroxypropionaldehyde or L. reuteri and that therefore the 
claims clearly define the invention. Further, the wording of 
each claim, along with knowledge and skill of one of skill in the 
art is enabling for dosage under 35 U.S.C. §112, first paragraph. 
In response to the Examiner* s concern regarding the 
microorganisms covered by the claims, although it is Applicants 1 
position that the specification provides support for including 
all of these microorganisms in the claims, the claims now pending 
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herein are limited to bacteria in order to increase the 
possibility of allowance. 

In response to the Examiner's statements regarding in vivo 
studies, Applicants respectfully submit that the previously 
submitted declaration of inventor Walter J. Dobrogosz on in vivo 
mouse studies in combination with the attached affidavit 
reporting on further in vivo studies clearly show both that use 

of Z±i reuteri in vivo results in production of 6- 

hydroxypropionaldehyde by L. reuteri . and the in vivo results are 
positively correlated with the in vitro results. Thus, the data 
in the specification plus the data presented by Applicants by 
affidavit and declaration clearly show that there is a good 
correlation between in vitro and in vivo results. 

In response to the Examiner's earlier point regarding growth 
of L. reuteri in vivo, Applicants respectfully reiterate that 
growth (meaning increase of microbial numbers) of L. reuteri per 
se is not required for production of fi-hydroxypropionaldehyde by 
L. reuteri (see, for example, page 12, lines 20-23), but rather, 
what is required for production of 6-hydroxypropionaldehyde by L^. 
reuteri is anaerobiosis and the presence of glycerol and 
glycer aldehyde, which are included within the specified claimed 
conditions. 

Applicants therefore submit that for all of the above 
reasons, the specification is patentable under 35 U.S.C. §112, 
first paragraph. 
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( 7 ) Rejection of cl aims 49. 56 and 57 under 35 U.S.C. 112. first 
paragraph : 

(a) the reasons set forth in the objection 

Applicants respectfully incorporate herein the remarks made 
above with respect to the objection to the specification. 

(b) declaration of Dr. Casas-Perez 

Applicants respectfully submit the attached affidavit of 
Ivan A. Casas-Perez which provides the information requested by 
the Examiner with respect to the previously discussed in vivo 
research. In addition, this affidavit also provides experimental 
information on experiments performed with L. reuteri and E. coli 
in vivo. Applicants respectfully submit that it is clear from 
this affidavit and the previously filed affidavit that the 
results of these in vivo experiments show that the claimed 
invention is enabled by the specification. One of skill in the 
art using the procedures discussed in the specification 
(selection of antibiotic-producing L. reuteri and feeding of the 
L. reuteri to animal) , along with procedures known to those of 
skill in the art as was done by Dr. Casas-Perez , would find 
sufficient enablement to practice the claimed invention. 

Applicants further submit that both spraying and in ovo 
injection bear a clear relationship to feeding in that in both of 
these cases and in the case of traditional "feeding" the only 
known way that the substance being applied actually gets into the 
gastrointestinal tract is by ingestion. If amending the claims 
to recite ingestion would meet this objection and be allowable to 
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the Examiner, Applicants respectfully request either a telephonic 
conference on this matter in particular, or an Examiner's 
amendment . 

< c ) the conclusions regarding correlation with in vitro 
work is not s ubstantiated bv the evident 

Applicants respectfully incorporate herein the above remarks 
made with respect to in vivo results, including the previously 
submitted declaration of Dr. Dobrogosz and the attached affidavit 
of Dr. Casas-Perez. Applicants inadvertently submitted a copy of 
this affidavit when the amendment was filed in response to the 
final rejection in the parent application, but the original is 
enclosed herein. 

Applicants therefore submit that the specification meets the 
requirements of 35 U.S.C. §112, first paragraph, and that claims 
49, and 60-65 also therefore meet the requirements of this 
section. 



< 8 > Rejection of claim 59 under 35 u .s.C. Si02fe) as anticip ator! 
by or, in the alternative, unde r 35 U.S.c. S103 as obvious 
over Nurmi et al. . new ly cited i. n light of Sarra et ai. 
The examiner has newly cited Nurmi et al. Nurmi et al. 
teaches a process for the production of a bacterial preparation 
for the prophylaxis of intestinal disturbances in poultry. This 
process specifically includes isolation of the bacteria by a 
process in which a washed caecum is minced and diluted, and then 
plated on a Lactobacillus selective medium (column 4, lines 15- 
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54). Bacteria which adhere to epithelial cells are visually 
selected (column 4, lines 56-60) and tested for adhering ability 
(column 4, lines 60-62). Not only does Nurmi et al. not teach or 
suggest the use of L. reuteri . but also Nurmi specifically states 
that it is not even necessary to identify the strains so long as 
they are "well adhering" bacterial strains (column 5, lines 45- 
56) . 

There is also no teaching in Nurmi et al. of selection of 
any of any strains used produces an antibiotic under anaerobic 
conditions in the presence of glycerol or glyceraldehyde, nor of 
use of any such strain (s), nor that any strains used produce 6- 
hydroxypropionaldehyde under these or any conditions. 

Finally Nurmi 's claimed invention requires "at least four 
anaerobically co-cultured strains" (claims l and 2, and all of 
the rest of the claims which depend therefrom) . The 
specification of Nurmi et al. teaches that these strains were 
from more than one species (e.g., Lactobacillus fermentum . L. 
lactis, and L. acid ophilus ) . There is no teaching in Nurmi et 
al. that any single strain should or could be used according to 
Nurmi' s invention, that there would be any efficacy in using a 
single strain, nor that selection of a strain of a single 

species, L. reuteri. in particular, according to Applicants' 

claimed invention, could be done or would be useful. 

As pointed out by the Examiner, Sarra et al. teaches that 
certain strains previously classified as L. fermentum should be 
classified as L. reuteri. Applicants respectfully submit that 
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the evidence in papers published by researchers (attached 
publications in German: Lerche and Reuter, Zentralblatt fur 
Bakteriologie, Paras itenkunde, Inf ektionskrankheiten und Hygeine, 
1 Orig. 185. S. ^446-481 (1962); and Reuter, Zentralblatt fur 
Bakteriologie, Paras itenkunde, Inf ektionskrankheiten und Hygeine, 
1 Orig. 197. S. 468-487 (1965)) who have tested so-called L^. 
fermentum strains clearly indicates that not all previously 
classified L. fermentum strains are "Biotyp II" (later classified 
as L. reuter i as discussed in the previously provided Kandler & 
Weiss publication) . It is clear from a simple review of the data 
shown in Table 3 of the paper of Reuter, even if the remainder of 
the German paper is not translated, that although many different 
sources of L. fermentum isolates were tested to see the biotypes 
of "L. fermenti" which were present, many of these strains were 
not biotype II. It is evident that it is likely that from any 
one series of gastrointestinal isolates previously classified as 
"L. fermentum" it is likely that some would be still classified 

as L. fermentum and others would be classified as L. reuter i . 

These papers are taxonomic studies upon which L. reuter i taxonomy 
is based, as already submitted to the Examiner (Kandler & Weiss 
reference) , and not related particularly to antibiotic production 
by these species. Therefore Applicants do not have a translation 
of these papers and do not think such a translation is necessary 
to understanding of these tables. If obtaining a patent on the 
invention claimed herein is nonetheless deemed by the Examiner to 
require a translation of one or both papers, Applicants will 
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attempt to obtain such a translation or translations. 

Applicants respectfully submit that nothing in these tables 
in these German papers, nor any of the cited papers, nor in the 
combination thereof teaches or suggests a method including 
selecting a strain of L. reuteri which produces B- 
hydroxypropionaldehyde according to Applicants 1 claimed 
invention. Furthermore, even if one or more of the strains used 
by Nurmi et al. actually were L. reuteri . there is no teaching in 
either Nurmi et al. or in Sarra et al., or in their combination, 
that strains be selected on the basis of their production of B- 
hydroxypropionaldehyde under the specified conditions. In fact, 
neither cited reference, nor their combination, teaches or 
suggests any type of analysis of the strains used for 
antimicrobial activity, nor the use of only one strain, nor the 
use of strains so selected according to the claimed invention 
herein. 

With respect to the Examiner's statement regarding the co- 
presence of glycerol or glyceraldehyde, Applicants respectfully 
submit that it is well known in the art that these compounds are 
normal intermediates and products of biometabolism, and that they 
are present in most gastrointestinal tracts inherently as 
concluded by the Examiner and as previously presented to the 
Examiner by Applicants. 

With respect to the Examiner's statement that the disclosed 

"Il= fermentum strain appears to be identical to the presently 

claimed strain of L. reuteri (see, e.g., since it is also found 
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in the gastrointestinal tract of the chick", Applicants again 
submit that this statement is speculative in that there is no 
evidence that any strains used in the cited references were L. 
reuteri. Furthermore, it is clear that (a) the strains used by 
Nurmi et al. were isolated from the adult chicken; and (b) the 
gastrointestinal tract of any adult animal contains many, many 
different species. Therefore, the fact that two different 
strains were both isolated from an animal of the same species, or 
even from the exact same animal is not dispositive or even 
relevant in deciding whether the two species are the same. The 
method of selection for the particular isolated microorganism and 
the characteristics of the microorganism are what determines to 
which species the isolate belongs. Nurmi et al. themselves 
isolated strains of multiple Lactobacillus species from their 
chickens using the same isolation method — adherence to the 
chicken gastrointestinal cells. Even if the strains of Nurmi et 
al. and Applicants were the same, however, Applicants 
respectfully incorporate herein the above discussion showing that 
there is no teaching or suggestion in the cited reference of 
selecting a strain according to the claimed invention. 

In contrast, Applicants' selection process step only allows 
selection of strains of a single species- L . reuteri , Neither 
Nurmi et al. nor Sarra et al. nor the combination thereof teach 
such a step. Thus, the claimed invention, including the 
selection process and the feeding the animal cells of said strain 
°f Lactoba cillus reuteri in an amount sufficient to colonize the 
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gastrointestinal tract of said animal is neither taught or 
suggested by the combined references of Nurmi et al. and Sarra et 
al. 

Applicants therefore submit that claim 69 (replacing claim 
59) and claim 70 which depends therefrom and contains all of the 
limitations thereof are patentable under 35 U.S.C. §102 (e) , or in 
the alternative, under 35 U.S.C. §103 over Nurmi et al., newly 
cited in light of Sarra et al. 

(9) Rejectio n of claim 59 under 35 U.S.C. S102(b) as anticipated 
bv or. in the alternative, under 35 U.S.C. S103 as obvious 
over Snoevenbos et al . in light of Nurmi et al . ( newlv 
cited) and Sarra et al. 

Applicants incorporate herein the above remarks made with 
respect to claim 69 and Nurmi et al. and Sarra et al. 

Snoeyenbos et al., which is also newly cited herein, teaches 
the feeding of chicks with bacteria obtained by incubating fecal 
droppings as summarized by the Examiner. The "effective 
microflora" of Snoeyenbos et al. is isolated by serial anaerobic 
culture in VL broth with 10% fecal extract and 5% liver extract 
(column 3, lines 21-45). 

Snoeyenbos et al. either separately, or in combination with 
Nurmi et al. and Sarra et al., does not teach or suggest the use 
of L. reuteri. the selection of any strains used producing an 
antibiotic under anaerobic conditions in the presence of glycerol 
or glyceraldehyde, that they produce 6-hydroxypropionaldehyde 
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under these or any conditions, that any single strain should or 
could be used, that there would be any efficacy in using a single 
strain, or that selection of a strain of a single species, L^. 
reuteri, in particular, according to Applicants' claimed 
invention, could be done or would be useful. There is no 
teaching in any of these references nor in their combination that 
strains be selected on the basis of their production of fi- 
tly droxy prop ionaldehyde under the specified conditions. In fact, 
no cited reference, nor their combination, teaches or suggests 
any type of analysis of the strains used for antimicrobial 
activity, nor the use of only one strain, nor the use of strains 
so selected. 

The Examiner referred to the publication by Dr. Dobrogosz et 
al. Applicants first respond by stating that the citation for 
the Dobrogosz reference mentioned by the Examiner is as follows: 
Dobrogosz, W J , Casas IA, Pagano, GA, Talarico, TL, Sjoberg, B, 
and M Karlsson, Lactobac illus reuteri and the Enteric Microbiota, 
In Regulatory and Protective R ole of the Normal Microflora , from 
the Gustafsen Symposium, McMillan Ltd, 1989, pages 283-292. 

Second, the Examiner said that this publication 
"acknowledged that L. reuteri has often been misclassif ied as L^. 
fermentum in the past", that "there is a reasonable 
likelihood/possibility that the reference strains are properly L^. 
reuteri " and that therefore, "the burden of establishing non- 
anticipation by objective evidence shifted to Applicants". 
Applicants respectfully submit that (a) it is pure speculation to 



# # 



state that strains used in the cited references were L. reuteri . 
and that therefore, the Examiner has not met the burden of basing 
the rejection on a factual basis as required ( see , for example . 
In re Warner a nd Warner . 154 USPQ 173, 178 (CCPA 1967) ("The 
Patent Off ice... may not, because it may doubt that the invention 
is patentable, resort to speculation, unfounded assumptions or 
hindsight reconstruction to supply deficiencies in its factual 
basis") . 

Furthermore, it is well established that for a rejection 
based on inherency to be valid, inherency must be a necessary 
result, and not merely a possible result of what was done in the 
cited art. See In re Oelrich 221 USPQ 323 (CCPA 1981) and Ex 
parte Ke ith et al. . 154 USPQ 320 (Pat. Off. Bd. App. 1966). 

Thus, even if some of the strains previously used produced 
reuterin, there is no teaching in the references nor any evidence 
for use of L. reuteri in all cases, nor for any method of 
selecting for L. reuteri strains which produce 6- 
hydroxypropionaldehyde . 

Applicants therefore submit that claim 69 replacing claim 59 
is patentable under 35 U.S.C. §102 (b) and under 35 U.S.C. §103 as 
obvious over Snoeyenbos et al. in light of Nurmi et al. (newly 
cited) and Sarra et al. 
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(10) Rejection of claims 57-59 under 35 U.S.C. S103 as being 
unpatentable over Snoeyenbos et al. . taken with Nurmi et al. 
f newlv cited). Sarra et ah, Sandine et ah, and Goldin et 
al. 

Applicants incorporate herein the above remarks regarding 
Snoeyenbos et al., Nurmi et al., and Sarra et al., as well as 
regarding the citation of the Dobrogosz paper and the affidavit 
of Casas-Perez . 

Goldin et al., which was not cited in the previous office 
action, teaches the use of L. acidophilus supplements on human 
fecal bacterial enzymes. Sandine et al., which also was not 
cited in the previous office action, teaches that lactic acid 
bacteria may be used to maintain healthful conditions in the 
vagina and gastrointestinal tract. 

Even if Sandine et al. and Goldin et al. are combined with 
these three references there is no teaching or suggestion of the 
use of L. reuteri . the selection of any strains used producing an 
antibiotic under anaerobic conditions in the presence of glycerol 
or glycer aldehyde, that they produce 6-hydroxypropionaldehyde 
under these or any conditions, that any single strain should or 
could be used, that there would be any efficacy in using a single 
strain, or that selection of a strain of a single species, L. 
reuteri, in particular, according to Applicants" claimed 
invention, could be done or would be useful. There is no 
teaching in any of these references nor in their combination that 
strains be selected on the basis of their production of 
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Bhydroxypropionaldehyde under the specified conditions. 

Applicants therefore submit that claims 68 and 69, 
respectively, replacing claims 57 and 59, and claim 70 which 
depend from and contain all of the limitations thereof, are 
patentable under 35 U.S.C. §103 over Snoeyenbos et al., taken 
with Nurmi et al. (newly cited), Sarra et al., Sandine et al., 
and Goldin et al. 

(11) Rejecti on of claims 49. 56 and 57 under 35 U.S.C. S103 as 
being unpat entable over Kawai et al. . Yokokura et al. . Sarra 
et al.. Sobolov et al. and Litchfield et al. 
Applicants hereby incorporate herein the remarks made in 
previous amendments regarding these references. Applicants also 
incorporate herein the above remarks with respect to the L. 
r eut er i / L . f ermentum issue raised by the Examiner again under 
this rejection. 

In addition, Applicants respectfully submit that even if 
Litchfield et al. is taken to have a teaching that one of skill 
in the art would use to chose B-hydroxypropionaldehyde as an 
antibiotic of choice, there is no teaching in this reference or 
in the combination of Litchfield et al. with the other cited 
references which have various uses of L. . f ermentum P of the 
claimed invention including the step of selecting a Lactobacillus 
reuteri strain which produces 6-hydroxypropionaldehyde under 
anaerobic conditions and in the presence of glycerol or 
glyceraldehyde, nor of combining this step a step of adding this 

-29- 



strain to food or using it as probiotic according to the claims 
pending herein. 

In other words , even if all of these references are 
combined, there is no teaching or suggestion of the use of L. 
reuteri . the selection of any strains used producing an 
antibiotic under anaerobic conditions in the presence of glycerol 
or glyceraldehyde, that they produce 8-hydroxypropionaldehyde 
under these or any conditions, that any single strain should or 
could be used, that there would be any efficacy in using a single 
strain, or that selection of a strain of a single species, L. 
reuteri, in particular, according to Applicants 1 claimed 
invention, could be done or would be useful. There is no 
teaching in any of these references nor in their combination that 
strains be selected on the basis of their production of 
Bhydroxypropionaldehyde under the specified conditions. 

Applicants therefore submit that claims 49 and 67-68 
(replacing claims 56 and 57) are patentable under 35 U.S.C. §103 
over Kawai et al., Yokokura et al., Sarra et al., Sobolov et al. 
and Litchfield et al. 

In further support of the novelty and nonobviousness of 
Applicants 1 invention herein, Applicants hereby submit a copy of 
a chapter in a standard treatise on food preservatives, which 
discusses the importance of the invention of Applicants herein 
(pages 167-171) of Food Biopreservatives of Microbial Origin by 
B. Ray and M. Daeschel, CRC Press, 1992. 





Conclusion 

For all the foregoing reasons, claims 49 and 67-70 are 
submitted to be fully patentably distinguished over the cited 
references and in allowable condition. Favorable action is 
therefore requested. 

The filing fee for this divisional application is separately 
submitted herein. It is therefore submitted that no additional 
fee required for the presentation of this preliminary Amendment. 
Any amounts which may be due for the presentation of this 
amendment should be charged to Deposit Account No. 15-0490 of 
Applicants ' attorneys . 

If any questions or issues remain, the resolution of which 



the Examiner feels would be advanced by a conference (telephonic 
or personal) with Applicants 1 attorney, the Examiner is invited 
to contact such attorney at the telephone number noted below. 



Olive & Olive, P. A. 
P.O. Box 2049 

Durham, North Carolina 27702 
(919) 683-5514 

Enclosures: 

Copies of the following documents filed in the parent 
application on March 16, 1994: 

(1) Affidavit of Ivan A. Casas-Perez 

(2) Copies of reviews 

(3) Ray and Daeschel reference 

(4) Copies of German papers 




Lynn E. Barber 
Registration Number 31,734 
Attorney for Applicants 



-31- 



FOOD- ANIMAL PRACTICE \JDmO *\OS'2-*' 

_ o ■ 



Probiotics: Intestinal inoculants 
for production animals 

Using these preparations of live, naturally occurring microorganisms 
helps restore and maintain the proper balance of beneficial microflora 
in i the .intestinal tract during times of stress, disease, and following 
^antibiotic therapy.' -iV* 



STEVEN MH^; MS. DVM 
Microbial Genencs Division 
Pioneer Hi-Bred International 
Oes Momes. Iowa 50131 



FOR YEARS veterinarians have 
had feelings of ambivalence about 
using the bacterial and yeast prep- 
arations known as probiotics to im- 
prove the health and performance 
of food animals. Though most un- 
derstand and accept the concept of 
replacing or supplementing the gut 
microbes with beneficial bacteria, 
their doubts concern the safety and 
efficacy of the probiotics available. 
Market research suggests that 
these doubts stem from unsuccess- 
ful experiences with early probiotic 
products, most of which simply did 
not work. Manufacturers have re- 
sponded by researching bacteria 
selection, bacterial counts, stabil- 
ity, ability to track inoculated bac- 
teria within the gut (to ensure that 
these bacteria have established 
residency), and directing products 
toward the applications that will 
result in the greatest efficacy. 4 

Another reason for hesitancy to 
use probiotics among veterinarians 
is that some producers are reluc- 
tant to give up feeding antibiotics. 
But probiotics have, in fact, dem- 
onstrated efficacy as a substitute 
for feeding antibiotics. : Twb J areas 
' in which the intestinal inocularit *ef- 4 
"feet of probiotics is strongly'docu- \ 



merited are in suppressing nednatal _< 



scours and improving the growth of 
young or stressed animals.' Accord- 
ing to the growing database of re- 
search, such observations are simi- 
lar across animal species. 

Despite some negative percep- 
tions, however, veterinarians are 
becoming increasingly aware ofthe 
benefits of probiotics. A survey of 
225 randomly selected U.S. large- 
animal practitioners revealed that 
60% either prescribed or dispensed 
probiotics for one or more species 
(including horses, dairy and beef 
cattlfe, and swine) in the 18 months 
preceding the survey. Both users 
and nonusers said their awareness 
and interest in prescribing or dis- 
pensing probiotics had increased 
during the previous two years as 
more products and more informa- 
tion had become available. 

This article will review the "pro- 
biotic hypothesis," the typical fea- 
tures of a probiotic, the proposed 
modes of action, and the safety and 
efficacy of these products. 

What are probiotics? 

Probiotics are bacterial (and yeast 
combination) preparations, most 
often lactic acid producing, that are 
administered orally or added., to 
feeds. The most commonly used 
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TABLE 1 


Common Probiotic Organisms 


Lactic Acid Bacteria 


Other Probiotic Organisms 


Lactobacillus acidophilus 


Bacillus subtilus 


L bulgaricus 


B. toyoi 


L plantarum 


Aspergillus oryzae 


L casei 


Torulopsis 


Streptococcus faecium 


Bifucus bifidum 


S. lactis 




S. thermophilus 




S. diacetilactus 





probiotics are strains of the lactic 
acid bacteria (LAB) Lactobacillus 
and Streptococcus, Besides LAB, 
other microbial products that con- 
tain Bacillus, yeasts, enzymes, 
biomass, and other agents are also 
classified as probiotics. The most 
frequently used probiotic organ- 
isms are listed in Table i; they may 
be used alone, in combination, or in 
association with other non-LAB. 
Table 2 lists brand-name LAB pro- 
biotics for which experimental re- 
sults have been reported. 2 

The probiotic hypothesis postu- 
lates that if sufficient LAB can be 
introduced into the intestinal tract 
at a time of stress or disease (when 
the balance of intestinal flora fa- 
vors pathogens) or at birth or after 
antibiotic treatment (when minimal 
lactic bacteria are present), then 
enteric microbial upsets can be 
minimized or overcome. During pe- 
riods of low resistance, such as 
with stress, undesirable bacteria 
are able to proliferate. Maintaining 
"healthy" intestinal flora is critical 
during such unstable periods. 



-The effects of stress 

After nearly five decades of re- 



search on stress, an acceptable clin- 
ical definition still has not been es- 
tablished/ 5 Nevertheless, evoked 
stress can be nutritional, environ- 
mental, or emotional (anthropo- 
morphic), ostensibly increasing the 
likelihood of disease of any kind, 
but especially intestinal disease. 

When an animal is stressed ex- 
perimentally, its intestinal flora 
changes relative to a decrease in 
the anaerobic components- This de- 
crease might result, from the de- 
creased availability of substrate for 
anaerobic species. The amount of 
mucin (an energy source for anaer- 
obic bacteria) secreted into the GI 
tract can be decreased by adminis- 
tering corticosteroids; and many in- 
vestigators associate an increased 
release of endogenous corticoste- 
roid with a stress. .response. 3 Tf 
stress is of sufficient magnitude 
and chronicity to result in in- 
creased corticosteroid release and 
decreased mucin secretion, the 
number of anaerobic bacteria that 
use mucin would be reduced as 
well. Subsequently, the number of 
coliform bacteria increases greatly. 
JStres s^pi aH'ty trigger r botfila s 
change in the mechanisms regulat- 



ing bacterial populations jof^^ny 
testinal tract arid quantitative:&d 
qualitative changes -in ^fatty^acid 
production! f Many enteric patho- 
gens belong to the family Entero- 
bacteriaceae. Without metabolic 
fatty acid control, these bacteria 
can proliferate enough for success- 
ful attachment to a target cell site 
in the gut, causing diarrhea. 4 

Diarrhea is often an e5$ireision 
of stressful factors such as handling 
and shipping, changes in feed, cold 
or rapidly changing temperatures, 
crowded conditions, feces accumu-, 
lation during prolonged pen occu- 
pancy, and pen mate changes. Di- 
arrhea can severely compromise an 
animal's health and prolong its time 
to market weight. 

Intestinal flora 

The term "normal Gl flora" is 
difficult to define. The gut microflo- 
ra consists of organisms that per- 
manently colonize the tract as well 
as those that are transient. (More 
than 400 strains of bacteria are es- 
timated to occupy the monogastric 
mouse gut.) Lactobacillus spp have 
been isolated from the upper intes- 
tinal flora of ruminants, swine, 
fowl, and rodents."* 

If a microorganism is to survive 
the continuous movement of gut 
contents along the intestinal tract, 
it must either multiply rapidly or 
attach itself to the gut wall. Once 
ingested, lactobacilli are said to 
"implant" within the GI tract. This 
may involve free association in the 
lumen or colonization of epithelial 
surfaces, either through adherence 
to structures on the surface or colo- 
nization of secretions (mucin) over- 
lying the epithelial cells. 6 

High populations (10 9 organ- 
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TABLE 2 

Brand-name Probiotics for which Experimental Results 
Have Been Reported in the Technical Literature 


Components 


Form Trade Name 


Manufacturer 


Author 


L acidophilus, 
other Lactobacillus 
spp 


Live dry Probios* 


Nulabs Division 
Pioneer Hi-Bred Intl. 

| Portland, OR 


Miles- 1981 
Pollmann-1980 
Francis-1978 
Goodling-1984 
Damron-1981 
Wells/Mason- 
1980 , 


L acidophilus 


Inactive liquid Culbac® 


Trans Agra Corp., 
Memphis, TN 


Hargis-1978 
Noland-1978 . . 
Hoyt-1980 
Goodling-1984 
Pollmann-1980 


S. faecium, 
L acidophilus, 
L plantarum 


Live dry Feed-mate 68 


Anchor Labs 
St. Joseph, MO 


Pollmann-1980 
Maxwell-1983 


Lactobacillus 
(species not 
indicated) 


Live liquid Biomax 40 ™ 




Watkins-1984 


Streptococcus 
fermentation 
residue, whev. 
corn extract, corn 
meal residue, 
solubles and solids 


Inactive dry Fermacto 500 


Borden Chemical Co. 
Norfolk, VA 


Change-1970 
Potter-1972, 
1984 


Streptococcus 
meal extract, 
penicillin meal, 
beer yeast, residue 
solids and 
solubles 


Inactive dry Biofac 


Peter Hand, Inc. 
Waukegan, IL 


Buenrostro/ 
Kratzer-1983 


L acidophilus 


Live liquid Strain 40 


Milwaukee. Wl 


Buenrostro/ 
Kratzer-1983 


Lactobacillus 

fermentation 

products 


Inactive dry Baciferm 


Commercial 
Solvents Corp. 


Goodling-1984 


L acidophilus, 
L casei, 
B. bifidum, 
Torulopsis, 
Aspergillus 
oryzae 


Live dry PrimaLac 


Star Labs 

St. Joseph, MO 


Maxwell-1983 

-■4 

t 


S. faecium, 
family M74 


Live liquid Lactiferm 


AB Medipharma 
Sweden 


BurgstalIer-1983. 
1985 


Bacillus toyoi 


Live spores, dry Toyocorin 


Toyo Joso Co. Ltd. 
Tokyo, Japan 


Shimura-1979 
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isms/g of mucosa) of Lactobacillus 
spp can be cultured and observed 
on the squamous epithelium of the 
nonsecreting portions of the swine 
stomach 1 and from the crop of 
chickens/ In the chicken crop, only 
Iactobacilli have been found at- 
tached to the epithelium, but Iacto- 
bacilli and streptococci have been 
detected in the pig stomach. 9 

Attachment of bacteria to the 
squamous epithelium shows a high 
degree of specificity. In the chick- 
en, onlv strains of Iactobacilli iso- 
lated from chickens and other birds 
can adhere to epithelial cells of the 
crop. 10 In similar tests with pigs, 
when pig cells and Lactobacillus 
and Streptococcus spp isolated 
from other animals were given 
orally, only isolates from a pig, a 
wild boar, and one Lactobacillus 
strain from a chicken adhered to 
the gastric epithelium. n * 12 

If the entire pars esophagea of 
the pig were covered with a conflu- 
ent layer of bacteria, one-cell deep 
(each bacterium with a cross-sec- 
tional area of 1 square millimicron) 
attached to the epithelium, it would 
have about 10* bacteria attached. 
The stratified squamous epithelium 
that composes the pars esophagea 
is continuously desquamating, re- 
leasing cells with attached bacteria 
into the lumen to inoculate the 
food. Thus, chese attached bacteria} 
could prove to be an important nat- 
ural mechanism for regulating the 
composition of the stomach micro- 
flora by supplying a continuous in- 
oculum of specific Iactobacilli and 
streptococci to the food as it enters 
the stomach. This would ensure the 
dominance of lactic licid bacteria in 
the gastric chyme. — 

Researchers theorize that the 



natural flora of the pig is protec- 
tive. Depending ,on_thOiS^."Cj 
status of the animaland the'bacte/ 
rial challenge, it may be protective 
or it may need probiotic augmenta- 
tion. The natural protective mech- 
nism of the pig is analogous to that 
of the chicken, in which the crop is 
also lined with stratified squamous 
epithelium and has large numbers 
of Iactobacilli attached to it, which 
suppresses growth of E. colL 

The chicken differs from mam- 
mals in not having a period during 
which it suckles the dam and lives 
solely on milk. It is independent at 
hatching and immediately ingests 
water and solid food. Under natu- 
ral conditions, hen excrement is the 
major source of inoculant intestinal 
bacteria for the newly hatched 
chick, but under artificial rearing 
conditions, food is the main source 
of gut bacteria. The speed with 
which the gut becomes inoculated 
with a given bacteria depends on 
environmental contamination and 
probiotic administration. 

In contrast to the chicken, the 
piglet's intimate contact with the 
sow is the source of intestinal bac- 
teria, and gut microflora is rapidly 
established. Researchers have 
found that E. coli, streptococci, 
and Iactobacilli are detectable in 
the gut within three hours of 
birth. 13 Populations of the three 
genera were found to peak by the 
end of the first day, but thereafter 
the number of E. coli and strepto- 
cocci declined in the stomach and 
small intestine. 

Compared with neonatal pigs 
and calves, the chicken is relatively 
resistant to E. coli enteric infec- 
tions. It is tempting to relate this to 
the presence of an inhibitory Lacto- 



bacillus flora in the anterior chick- 
en gut. When Iactobacilli are elimi- 
nated from the chicken's crop by 
penicillin, the increase in E. coli 
and its subsequent suppression by 
Iactobacilli provide evidence that 
Iactobacilli are directly involved in 
preventing growth of E. coli in the 
crop in vivo. 14 The ability of Iacto- 
bacilli to adhere to crop epithelial 
cells is of central importance in es- 
tablishing this balance. 

The homeostatic processes in- 
volved in maintaining the stability 
of the GI ecosystem prevent tran- 
sient microbial species from colo- 
nizing the system. la Transients, 
many of them potential pathogens, 
constantly enter the system via 
food, water, and other ingesta. 
They usually do not persist long in 
the undisturbed system, but may 
inhabit a disturbed tract. Such or- 
ganisms are often recognized 
pathogens such as enteropathogen- 
ic strains of E. coli. 

Studies in the 1970's showed that 
adding Lactobacillus acidophilus 
to the food or drinking water of 
people changed their intestinal mi- 
croflora. 15,1(5 Other reports confirm 
that the number of coliform bacte- 
ria in the feces of calves fed whole 
milk containing L. acidophilus de- 
creased; 17 that adding L. acidophi- 
lus to the diet of young piglets de- 
creased the number of E. coli in the 
digestive tract; 18 and that supple- 
menting poultry feeds with these 
bacteria had beneficial effects. 14,19 
As long as active bacteria are ad- 
ministered through feed or water, 
there appears to be no question 
that the microbial population can 
be shifted away from toxin-forming 
E. coli and toward beneficial lactic 

acid producers. Continued 
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Antibiotics and probiotics 

Chemotherapeutics in general and 
antibiotics in particular have been 
used as feed additives for years. 
Unfortunately, these nonselective 
drugs kill nonpathogehs as well as 
pathogens. Because certain-strains 
of bacteria become resistant to 
antibiotics, the positive effect of 
antibiotics is dynamic! There is also 
a growing consumer demand to ban 
antibiotics and other chemothera- 
peutic agents as feed additives be- 
cause of their connection with resi- 
dues in food and transferable anti- 
biotic resistance through bacterial 
resistance (R) factor. 20 

The extensive use of antibiotics 
and other agents in treating bacte- 
rial enteritis is somewhat paradoxi- 
cal. Although these agents might 
be successful initially, their bene- 
fits are often nullified by postanti- 
biotic diarrhea. Diarrhea occurs be- 
cause antibiotics suppress the nor- 
mal intestinal bacteria and allow 
abnormal overgrowth of patho- 
gens, which cause disease. By re- 
moving the producers of volatile 
fatty acids, antimicrobial agents 
also remove an important restraint 
on the growth of yeast and fungi, 
making them more invasive. 21 Al- 
though the pathogenesis of antibi- 
otic-associated diarrhea is poorly 
understood, studies evaluating 
gastrointestinal and fecal composi- 
tion during antibiotic therapy have 
demonstrated a decrease or disap- 
pearance of L. acidophilus. 22 - 1 
Regarding the efficacy of antibi- 
cs as growth promotants, any 
improvement in growth rate -and 
feed efficiency is inversely related 
o the performance level of untreat- 
ed control groups. This suggests 
that growth promotants^ork^ to 



I palliate the depressing effects j>f_ 
unbalanced diets, microbial dis- 
ease, poor environment, and other 
_ stressful conditions, rather than ac- 
tually promoting growth. The dis- 
covery that antibiotics included in 
the feed of chickens and pigs would 
improve their growth rate implies 
the existence of an intestinal micro- 
flora that depresses growth. This 
observation was confirmed by dem- 
onstrating that antibiotics added to 
the diet of germ-free chicks did not 
increase their growth rate."*""* 

A number of trials have been 
conducted contrasting the effects of 
feeding probiotics rs. antibiotics; 
the results of selected studies are 
listed in Table 3. Probiotics offer 
the same benefits in animals as low- 
dose antibiotics when used as 
growth promotants. In addition, 
they aid in feed conversion, and in 
some countries are used as prophy- 
laxis against enteritis. . 

Efficacy and safety 

The rate of daily weight gain and 
feed conversion efficiency in food, 
animals depend on a variety of fac- 
tors, including genetics, diet, hus- 
bandry, and the health of the ani- 
mal. Health is probably the most 
important because almost all dis- 
ease inevitably results in a degree 
of metabolic inefficiency- Disease 
affects the animal's performance by 
depressing the rate of growth, ei- 
ther through low-grade toxicity or 
impaired physiologic . or metabolic 
activities. How much the perfor- 
mance is depressed by subclinical 
_ or chronic disease is variable. 

Animal performance in response 
. to feeding probiotics is influenced 
_ by the inoculant level fed, the ani- 
' mal species tested, and the animal's 



stage of maturity, plane of produc- 
tion, level of stress, and rearing en- 
vironment. Because of this wide 
spectrum of variables, it is not sur- 
prising that there is a broad range 
of response to probiotics. What" is" 
noteworthy from a literature P re- 
view is not so much the lack of re- 
sponse, but the plethora of positive 
responses spanning a huge range of . 
experimental protocols, animal 
species, geography, and products 
tested. The following sections dis- 
cuss the efficacy of probiotics in se- 
lected species. 

Pigs 

Colibacillosis is a significant dis- 
ease problem in pigs less than one 
week old and again at weaning."** 
Studies conducted with several lit- 
ters of pigs have demonstrated that 
bottle feeding a L. lactis concen- 
trate to neonates significantly sup- 
pressed fecal coliform counts. 1 * 7 In- 
testinal tissue homogenates from 
these Lactobacillus-fed pigs had 
higher numbers of lactobacilli than 
did scouring or control pigs, sug- 
gesting the lactobacilli were be- 
coming established, thereby reduc- 
ing the colonization by E. colL 

In the normal flora of healthy 
nonscouring pigs in these studies, 
the Lactobacillus counts were 
greater than the coliform counts. 
In contrast, the coliform counts in 
scouring animals were invariably 
greater than the Lactobacillus 
counts. The Lactobacillus isolated 
from tissue homogenates of treated 
animals resembled the Lactobacil- 
lus that was fed, both biochemical- 
ly and serologically (fluorescent 
antibody technique). It appeared 
that the L. lactis colonized the 

Text continues on page S&k. 



810 VETERINARY MEDClNE / AUGUST 1988 



FOOD-ANIMAL PRACTICE 



Probiotics (cont'd) 



TABLE 3 

The Effects of Probiotic vs. Antibiotic Administration 



Species 



Weight (kg) 



Antibiotic 
(Advantage) 



Probiotic 
(Advantage) 



Calf 1 
Calf 2 
Calf 3 
Calf 4 
Calf 5 

Calf 6 
Pig 7 

Pig 3 
Pig 9 



Pig 



10 



Nl 80 mg virginamycin/kg milk (3.8 medical 

treatments/group)* 

Nl 40 mg avoparcin/kg feed 

(5-15 weeks old) 



Nl 
62-185 
Nl 

65-170 
Nl 

20-90 
7 

(Neonates) 
6-30 



80 ppm bacitracin zinc (1 .722 FE; 
1 ,236 g ADG)" 

100 ppm spiramycin 25 ppm 
carbadox 

80 ppm bacitracin zinc 



Bacitracin 



10 ppm virginiamycin (3.18 kg feed/kg 
weight gain) 

Avoparcin (3.06 kg feed/kg weight gain) 
40 ppm Tylan* (0.725 kg/day growth) 



Flavomycin 



6 ppm flavomycin 



1 .5 g S. faecium M74/kg milk replacer 
(3.1 medical treatments/group) 

20 mg S. faeciumikg (16% scours 
reduction) 

10 5 S. faecium/g milk replacer (1.713 
FE; 1 ,229 g ADG) 

40 ppm S. faeciunr68 ( + 8.4% growth) 



10 ppm Lactobacillus culture ( + 4.8% 
weight gain and 54% decrease in duration 
of diarrhea) 

S. faecium 68 (Equal FE. ADG. and 
slaughter weight) 

S. faecium (3.10 kg feed/kg weight gain) 

S. faecium (3.00 kg feed/kg weight gain) 

1 kg Pronifer»/ton of feed 
(0.795 kg/day growth) 

Probios* (Equal effect on incidence and 
severity of scours) 

15 ppm S. faecium 68 ( + 3.2% 
weight gain) 



'Control =» 3.3 medical treatments/group (This parameter refers to the number of calves removed from the study 
that required treatment for any disease ) 
"Control - 1.816 FE: 1.156 gAOG. 

'Hefei. H.: Kalberaufzucht mit Virginiamycin und Lactiferm im Milchaustauscher. Aulendort: Staattiche Lehr- und Versuchanstalt 
fur Viehhaltung. 1980. 

2 Kirchgessner. M.: Report of a Trial of the Effect of Microferm on the Nutritional Physiology of Young Calves. Weihenstephan: 
Technische Universitat Munchen. Institut fur Ernahrungsphysioiogi. 1985. 

3 Burgstailer, G. et a/: Zum Einsatz von Lactiferm in der Kalbermast. Auchtungskunde 55: 48-54; 1983. 
'Research results: J. Joosten's. Horst. Limburg. Netherlands. 1979. 
'Research results: J. Joosten's. Horst. Limburg. Netherlands. 1977. 

•Burgstalier. G. et al: On the Addition of Lactobacillus (Streptococcus faecium SF-68) in Milk- substitute Feeds for Veal Calves. Zuchtungskunde 
(Breeding Theory) 56 156-162: 1934. 

'Internal Reports of Field Trials Involving Treatment of Pigs with S. faecium. Swedish Farmers Association. 1984 and 1985. 
8 Probiotics Show Promise. Farmers Weekly: 42; April 24. 1987. 

"Sutherland. H.K.; Miller. J.K.: Report on a Trial to Determine the Effect of Probiotic Cultures Administered Orally to Sows 

and Piglets from Birth to 21 Days. Edinburgh School of Agriculture. Jan. 1986. 
,0 Research results: J. Joosten's. Horst. Limburg. Netherlands. 1982. 
Nl = Not indicated in the report. 
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TABLE 4 

Performance of Probiotic-Treated Animals 



Species* Treatment Performance of Treated vs. Control Animals 



Pig a L acidophilus 6.3% increase in survival rate 

Pig 29 S. faecium 1 5.6% decrease in mortality 

Pig 0 S. faecium 68 53% decrease in mortality and 1 0% increase in weight 

Pig 32 Probios* Sow and piglets treated: 20% decrease in scours; sow treated only: 1 0% 

decrease in scours 

Pig 31 Probios Sow and piglets treated: 80% decrease in scours; piglets treated only: 29% 

decrease in scours 

Pig 33 S. faecium 23% decrease in scours; 50% decrease in mastitis, metritis, and agalactia 

Pig c S. faecium 68 64.3% decrease in scours 

Pig d Probios 1 1 to 19% advantage in live weight gains 

Cattle 8 Probios 4.88% improvement in ADG; 7.57% improvement in FE 

Cattle' Probios 2.84% advantage in live weight gains; 3.23% advantage in FE 

Cattle^ Probios 9.52% advantage in live weight gains; 4.49% advantage in FE 

Chickens 39 S. faecium M74 3.53% advantage in FE" 

Chickens 40 S. faecium 4% improved feed utilization 

Chickens* Probios 4.7% improved FE 



'Superscript numbers refer to references listed at the end of this article. 
"•As compared to chickens treated with Nitrovin. 
fWatson.'P.: Feedstutfs; June 15. 1987. 

"Research conducted in Nebraska for J. Joosten's. Horst. Umburg. Netherlands. 

c Research conducted at the University of Seigrad for J. Joosten's. Horst. Umburg. Nethertands. 

°Abilay. T.A.: Probios Farm Oemo in San Pablo City. Philtipines. 1987. Microbial Genetics Division, Pioneer Hi-Bred International. Des Moines. Iowa. 
e Parker. R.B.; Crawford. J.S.: Alternatives to Antibiotics. Proc. 13th Ann. Northwest Anim. Nutr. Conf., Vancouver. B.C.. Canada. Nov. 1978. 
'international Summary of Animal Performance: Probiocin* Brand Microbial Products: Oral Gel and Granules for Ruminants. 1984-85. 
Microbial Genetics Division, Pioneer Hi-Bred International. Des Moines. Iowa. 
°*Crawford. J.S.: Probiotics in Animal Nutrition. Arkansas Nutrition Conference. 1979. 



small intestine and reduced coloni- 
zation by E. coli. Inability to pro- 
duce symptoms of diarrhea, even 
72 hours after a challenge dose of 
E. coli 9 indicated that L. lactis 
played a protective role. 27 

In another study, nine gnotobiot- 
ic pigs were fed Streptococcus fae- 
cium to prevent colibacillosis; nine 
other pigs served as untreated con- 
trols, 2 ^ Three strains of E. coli 
were then used to challenge the 
pigs. With E. coli strain O:K103,987 
PNM, the pigs fed S. faecium be- 
fore the challenge exposure exhib- 
ited less severe diarrhea, recov- 
ered earlier, and had better weight 
gains than did the control pigs. 

The other two E. coli strains 



(0157:K88ac:H19 and 08:K87,K88ab: 
H19) were more virulent and even 
pigs fed S. faecium and challenged 
with these two strains developed 
mild diarrhea. However, none of 
the pigs died and they continued to 
eat well and gain weight. Pigs giv- 
en only these E. coli strains devel- 
oped severe diarrhea and lost 
weight; five of eight of these pigs 
died. Bacterial counts of E. coli and 
S. faecium from three areas of the 
small intestine and the cecum were 
comparable among the experimen- 
tal groups fed S. faecium and E. 
coli. Histopathologic examinations 
demonstrated abundant S. faecium 
colonization of the intestinal tract. 
It ^appeared that S. faecium -re- 



s - *r 

duced the toxic effects of E. coli 
and prevented generalized infec- 
tion and death. 

Marked improvements in the 
mortality rate of neonatal pigs have 
been attributed to probiotics. Lac- 
tobacillus^treated piglets have 
shown as much as a 53% reduction 
in mortality over untreated con- 
trols under normal production con- 
ditions (Table 4). 28 " 30 When com- 
pared to untreated controls, pro- 
biotic-treated piglets have shown 
as much as a 64% reduction in 
scours, and as much as an 80% re- 
duction when both the sow and pig- 
let were treated under normal pro- 
duction conditions. 31 " 3 4 

The most consisted 
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sponse~to T probi^ when 
they are administered to neonatal 
and young pigs. The value of feed- 
ing these products to nonstressed 
growing or finishing pigs*has yet to 
be supported. Because these ani- 
mals apparently experience less 
stress and have greater immuno- 
competence and established gut mi- 
croflora, the infusion of additional 
bacteria yields less demonstrable 
results. 

Cattle 

In one study, more lactobacilli 
and fewer coliforms were found in 
the small intestine of calves fed 
pasteurized whole milk containing 
L. acidophilus than in nontreated 
control calves/* 5 Also, in another 
study a 36.9% reduction in calf 
scours was attributed to the use of 
a Lactobacillus inocuiant/ 56 

Probiotics modulate stress asso- 
ciated with intensive production 
practices, i.e. light-weight calves 
entering the feedlot. Under feedlot 
conditions, a 13.2% increase in av- 
erage daily gain, a 6.3% increase in 
feed efficiency, and a 27.7% de- 
crease in morbidity have been ob- 
served in cattle given Probios® 
(Pioneer Hi-Bred), a LAB combina- 
tion, as compared with untreated 
cattle. 37 With oral administration 
at processing and top dressing the 
feed ration of incoming cattle for 
five to 30 days, morbidity was re- 
duced, average daily gain was in- 
creased, and feed to gain ratio was 
lowered (Table J). 38 

Chickens 

Initial dosing with L. acidophi- 
lus has been shown to reduce mor- 
tality in chicks challenged with E. 
coli. Also, continued dosing with L. 





TABLE 5 






Summary of the Effect of Probiotic Products on 
the Performance and Health of Incoming Feedlot Cattle* 




Probiotic- 
No. of Control treated 
Trials* 4 Cattle Cattle 


P 

Advantage Values*** 


Performance 

Average daily gain (lb) 
Feed consumption (lb) 
Feed/gain (lb) 


38 1.67 
28 10.96 
28 6.93 


1.89 
11.23 
6.49 


+ 13.2% 0.001 
+ 2.5% 0.06 
+ 6.3% 0.06 


Health 

Morbidity (%) 
Mortality (%) 


39 20.26 

40 0.59 


14.64 
0.47 


+ 27.7% 0.005 
— NS 


'Cattle were given Probios* Oral Gel (Bovine 
Granules ( 1 80 R) in their feed, or both products. 
"Each trial tasted an average of 30 days. 
"•Statistical analysis conducted using paired Mest. 
NS 3 Not significant. 


One) at 


processing. Probios* Feed 



TABLE 6 



Mean Body Weight, Feed Conversion, and Percent Mortality 
of Broilers Treated with a Microbial Inocuiant* 



Treatment** 


Body Weight (lb) Feed Conversion 


Percent Mortality 


Three-week-old Broilers 


Control 
Treated 


1.63 (± 0.03)"* 1.55 (± 0.09) 
1.65 (± 0.03) 1.54 (± 0.04) 


4.0 (± 2.5) 
1.0(± 1.7) 


Six-week-old Broilers 


Control 
Treated 


4.59 (± 0.12) 1.86 (± 0.03) 
4.65 (± 0.16) 1.84 (± 0.04) 


8.0 (± 5.0) 
1.7(± 1.7) 



•Probios* intestinal inocuiant (Pioneer Hi-Bred International). 

"Microbial inocuiant was administered in the drinking water of the chicks the first three days. 

then in the feed from four to 42 days. The study involved 900 broilers. " 
"'Standard deviations are in parentheses. < . . . 



acidophilus lowers the pH of the 
crop, cecum, and rectum in chicks 
initially given L. acidophilus or E* 
coli, which demonstrates L. aci- 
dophilus can compete with E. coli 
in the gut of gnotobiotic chicks. 
Chickens fed probiotics have shown 
a 4% improvement in feed efficien- 



cy. 39,40 In a recent study, Probios 
produced a 1.3%, 1%, and 91% im- 
provement in broiler weight gain, 
feed conversion, and mortality, re- 
spectively (Table 6). 41 

Other species 

For wean-stressed lambs, 
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TABLE 7 

Influence of a Probiotic* on Lambs 




Oral Gel Treatment 
Placebo Probiotic* 


Percent 
Improvement 


Number of lambs 


16 


16 




Day 14 
Daily weight gain (g)** 
Daily dry matter intake (g) 
Feed efficiency 

Number of morbid lambs treated 


116.7 
551.6 
4.73 
9 


145.5 
571.9 . 
3.93 
0 


24.7 
3.7 
17.0 


i 

Day 28 
Daily weight gain (g)** 
Daily dry matter intake (g) 
Feed efficiency 

Number of morbid lambs treated 


131.2 
703.9 
5.37 
5 


139.6 
747.0 
5.35 
1 


6.4 
6.1 
0.3 


Total number of treatments 
of morbid lambs 


16*** 


1 




'Probios* Oral Get (Pioneer Hi-Bred internat»onai). 
"Adjusted for average daily gain from birth to weaning 
'"Some morbid lambs were treated more than one time. 



treatment with Probios intestinal 
inoculant improved morbidity by 
93% and average daily gains by 6 to 
24% (Table 7). 42 And when new- 
bom to 30-day-old foals were treat- 
ed with Probios, both the incidence 
and severity of diarrhea were 
markedly reduced. Further, if diar- 
rhea occurred, its duration in the 
treated foals was shortened consid- 
erably compared with the untreat- 
ed controls. 43 

Intensive use in veterinary medi- 
cine and a double-blind controlled 
clinical trial in children have con- 
firmed that S. faecium is effective 
as a biological preparation for 
treating diarrheic disturbances. 44 

Safety 

Lactobacilli have been used for 
ages in the commercial preparation 
of dairy, grain, fish and meat prod- 
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ucts, pickled vegetables, sauer- 
kraut, silage, and sourdough. They 
are part of the normal flora of 
plants and animals, particularly in 
the mouth, intestinal tract, and va- 
gina of many warm-blooded ani- 
mals, including human beings. 
Pathogenicity is rare, making their 
use safe to the host, environment, 
and handler. 

It should be stressed that all pro- 
biotics are not the same. An effec- 
tive product must possess several 
attributes: 

1. The proper viable bacterial com- 
ponents must be present in prop- 
er numbers for an effective sym- 
biotic response.^Studies^with 
/mice have shown that there is an^ 
.inoculant level . of .^optimal Hr£ 
. sponse,^ above which decreased 
performance , results. A domi- 



nant commercial factor govern- 
ing microbial viability in the feed 
industry is the typical pellet mill 
operation. Temperatures in this 
phase of production consistently 
range between 160 F to 180 F, 
far above the maximum toler- 
ance for Lactobacillus species 
(113 F to 118 F). Therefore, Lac* 
tobacillus spp incorporated into 
feeds before pellet extrusion are 
probably nonviable when fed. 
Heat is less a problem for spore 
formers. 

2. The bacteria must be capable of 
reaching and colonizing the in- 
testinal tract, which implies that 
they must be resistant to gastric 
acid and bile. 

3. Once ingested, the bacteria must 
be quickly activated, have a high 
specific growth rate, and pro- 
duce acid rapidly (which implies 
they have an anti-£. coli effect). 

4. An acceptable shelf-life must be 
guaranteed. 

5. Once the bacteria are adminis- 
tered, they must be able to be 
tracked within their ecological 
habitat (i.e. plasmid profiling 46 ). 

Modes of action 

Although the probiotic concept has 
been recognized for many years, 
the absolute mode of action has 
been elusive. There has been a 
long-standing belief that under cer- 
tain circumstances LAB may pre- 
vent or ameliorate coliform-associ- 
ated diarrheas. Several explana- 
tions 15 have been suggested, in- 
cluding production of anti-£. coli 
substances, 47 * 48 synthesis of lactate 
with concomitant reduction in in- 
testinal pH, 49 " 51 adhesion to the gut 
wall preventing colonization by 
pathogens, 52,53 endotoxin detoxifi- 
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cation, and prevention of toxic 
amine synthesis. 55 

Antibiotic production 

Lactobacilli have been reported 
to produce various types of antibi- 
otics. Lactobacillus acidophilus 
produces acidophilic lactoci- 
din, 47,56 and acidolin, 57 and L. plait- 
tarum produces lactolin. 58 Nisin 
and diplococcin are among the anti- 
metabolites produced by strepto- 
cocci. 59,60 Additionally, some of the 
lactobacilli produce sufficient hy- 
drogen peroxide to inhibit various 
microorganisms. 61,62 

Lactobacillus antibiotic metabo- 
lites acidophilic acidolin, lactoba- 
cillin, and lactocidin have demon- 
strated an in vitro inhibitory activi- 
ty against Salmonella, Shigella, 
Staphylococcus , Proteus, Klebsiel- 
la , Pseudomonas , Bacilhts , and 
Vibrio species and enteropathogen- 
icE. coll 63 

LAB produce organic acids such 
as acetic and lactic acid, which also 
inhibit growth of many pathogenic 
Gram-negative organisms. 64 The 
long-held speculation is that this 
antimicrobial activity may be due 
to low oxidation-reduction poten- 
tials (lowering the oxygen available 
to pathogens) and low pH main- 
tained within the intestine through 
LAB metabolism. 15 * 65 

In one study, the pH of multiple 
areas of intestine was tested from 
pigs treated with S. faecium and 
compared to untreated controls. 
The pH was reduced from 7.3 to 6.9 
in the mid-jejunum; however, in 
the duodenum, no reduction in pH 
was observed. The content of the 
duodenum was slightly acidic (pH 
6.0) in both the treated and the un- 
treated group of animals. 66 



Competitive antagonism 

The normal microbial flora of 
the GI tract acts as a host defensive 
barrier either by making the target 
epithelial cell unavailable to patho- 
gens or by creating an environment 
detrimental to pathogens. Stated 
differently, if the normal inhabit- 
ants of the GI tract are secure in 
their niche, then potentially patho- 
genic bacteria may not be able to 
compete successfully for an attach- 
ment site. Thus, anything that up- 
sets the balance between host and 
normal flora may give a pathogen 
easier access to its target cell or al- 
low it to multiply so that competi- 
tion for target cells is easier. 4 

In one in vitro study, coloniza- 
tion by an invading strain of Klebsi- 
ella pneumoniae was prevented by 
the presence of an established cul- 
ture of L. acidophilus, principally 
because the medium's pH was low- 
ered to a point that was incompati- 
ble with Klebsiella growth. How- 
ever, when the population density 
of L. acidophihis was reduced by 
the presence of a sufficient concen- 
tration of linoleic acid, the invading 
K. pneumoniae successfully colo- 
nized the system and once estab- 
lished, suppressed the growth of L. 
acidophilus — indicating that 
Gram-positive enteric bacteria sup- 
press coliform growth and that this 
effect can be reversed by the pres- 
ence of linoleic acid. 67 (Long-chain 
unsaturated fatty acids have an in- 
hibitory effect on Gram-positive 
bacteria.) 

Through the constant infusion of 
"friendly'Vorganisms in the diet, 
colonization of the gastrointestinal 
tract by pathogenic organisms can 
be altered, improving health and 
life expectancy. This idea of "com- 



petitive exclusion" led to the prac- 
tice of microbial inoculation. Many 
examples of this phenomenon have 
been reported. 68 " 70 

Immunostimulation 

The most recently advanced 
and most provocative mode of ac- 
tion attributed to probiotics is im- 
munostimulation. The normal mi- 
crobial flora of an animal has a sig- 
nificant impact on the body's im- 
mune system. The numbers of in- 1 
traepithelial lymphocytes, plasma 
cells, and Beyer's patches are lower 
in germ-free animals than in con- 
ventional animals. 71 

Several lactic acid bacteria in cul- 
tured dairy products given either 
orally or intraperitoneal^ have 
been ascribed antitumor activity 
and immunostimulation against ex- 
perimental malignant tumors in 
mice, rats, and guinea pigs. 72 * 76 
Further, the tumor-suppressing ef- 
fect of lactobacilli is not attribut- 
able to the direct cytotoxicity of 
these organisms, but to some host- 
mediated response. 

Small quantities of yogurt added 
to human peripheral blood lympho- 
cyte cultures (stimulated by the mi- 
togen concanavalin A) significantly 
potentiates the production of gam- 
ma interferon, Y-IFN. 77 This cyto- 
kine is endowed with anti-infective, 
antitumoral, and immunoregulat- 
ing properties; it is able to activate 
natural killer cells, regulate anti- 
body production, and stimulate 
antigen-specific helper' T cells 1 
through an increased expression in 
the DR (activation) determinant on 
macrophages. 78 

In one study, Swiss mice were 
given L. acidophilus and Strepto- 
coccus thermaphilus orally arid jn^ 
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traperitoneally. .Both of these 
LAB significantly enhanced the en- 
zymatic and phagocytic activity of 
peritoneal macrophages compared 
with controls and accelerated the 
phagocytic function of the reticulo- 
endothelial system as revealed by 
carbon clearance test. The activat- 
ed macrophages and lymphocytes 
produced the same increase in the 
immune response whether the bac- 
teria were administered orally or 
intraperitoneally. 

Conclusion 

Probiotics are not an alternative to 
antibiotic treatment of acute dis- 
eases and should not be considered 
a "wonder medicine" against any 
specific disorder. Probiotics do aid 
feed conversion and in some coun- 
tries are used prophylactically 
against enteritis. In the truest 
sense they are not growth promo- 
tan ts, but rather "growth permit- 
tants," allowing the host to best ex- 
press its genetic potential. 

Research in Sweden has demon- 
strated that feeding probiotics to 
production animals has the same 
beneficial effect as low-dose antibi- 
otics used as growth promoters. 
Feeding low levels of antibiotics is a 
"security blanket" difficult to aban- 
don, but there is a strong interna- 
tional consumer voice critical of 
this practice. As more negative 
side effects of feeding food animals 
low-dose antibiotics are observed, 
the demand for probiotics should 
rise. It is timely for veterinarians 
to evaluate the role of probiotics in 
the event that antibiotics are 
banned. As data increase to sup- 
port the efficacy of probiotics dur- 
ing specific phases of production, 
the best management scheme may 



be to incorporate both probiotics 
and antibiotics, depending on the 
phase of rearing. 
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Vergarung von Kohlehydraten 



• • Tabelle 8. Zusammenstellung der zura Differenzieren benutzten physiologischen und biochemischen Kriterien 
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I. INTRODUCTION 

Microorganisms are in constant competition with each other for nutrients 
and favorable environments. Mechanisms have evolved through mutaUor, t and 
^change of genetic material that allow microorgan^ms to successfully grow 
and produce in changing environments. The diversity of the _microb,al world 
is p oof of how change ensures survival. Apparent overt antagon^m by 
production of molecules such as bacteriocins or environment modification by 
^ production are two examples of adaptation. Undoubtedly ^J™^^ 
secrete compounds that influence the populations of microbial communities 
n ways scientists cannot discern. Many antagonistic products secreted are 
simply by products of detoxification processes of the producer microorganism 
an exampfe being hydrogen peroxide. Other metabolites secreted are m 
themselves very inhibitory, but seldom accumulate to concentration that 
Say discernible antagonistic effects, examples being higher alcohols and 
fa ty adds. Carbon dioxide is a primary metabolite that we don t usually 
SLate with antagonism, however, storage of fruits, vegetables and beverages 
" on dioxid°e environment is very effective in controlling the : growth 
of spoilage microorganisms. In fact, it is likely that any m.crob.a 1 metabolite 
at a certain concentration will be antagonistic to other microorgan isms. Ap- 
J i a ons in food protection mandate that antimicrobials be effective aUow 
concentrations and not significantly impact the .dentuy of the product These 
luirementslimitthenumberof microbial metabolites that may have applicant 
n food science. In this chapter we will discuss potent.al and reahzed food 
preservation applications of (1 ) hydrogen peroxide, as it relates to its pnfccum 
by lactic starters, (2) the lactoperoxidase system, and (3) reuterm, an mh.b.tory 
metabolite produced by Lactobacillus reuteru. 

II. HYDROGEN PEROXIDE 



Hydrogen peroxide (H,0„ molecular weight 34.02) is a colorless .quid; 
it h as a density of 1.46 at b°C, a boiling point of 152°C, and « m.sc.ble with 
water and insoluble in petroleum ether. ■ Hydrogen peroxide ,s a strong oxidrzing 
aeent and has several applications in the food industry, including use as a 
bLching agent, a starch-modifying agent a preservative, 
agent. The Food and Drug Administration » perm.ts its use as a GRAS substance 
in milk (0.05%), whey (0.04%), starch (0.15%), and com syrup (0j5%). The 
Bureau of Alcohol. Tobacco and Firearms allows a limit of 3 ^ppm > w ne 
processing, however the final product must not contam a detectable residue _ 
K antimicrobial activity of hydrogen peroxide increases dramatically w.th 
risesTn temperature. Because of this property, hydrogen peroxide has been 
^diaster^lantforcontainermatenals in aseptic packaging «y*£*^ 
neroxide is considered an effective sterilant in aseptic systems at concentrations 
o? 3S% if heated to 85 to 90°C for 3 to 5 sec.' With a view toward food 
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applications, hydrogen peroxide has the desirable property of having innocu- 
ous degradation products (H 2 0 + 0 2 ) and being active at relatively low 
concentrations, with 25 ppm or less needed to prevent growth of vegetative 
bacteria. 4 Residual hydrogen peroxide can be removed by the addition of 
catalase to foods ( e.g., O.l-0.5g/1000 lb milk 5 ), or in aseptic packaging it is 
blown off with hot sterile air. Hydrogen peroxide reacts with organic materials 
which may limit its usefulness in certain foods. Food components such as 
ascorbic acid, cysteine, and glutathione have intentionally been considered for 
use in degrading residual hydrogen peroxide in raw milk 6 . Hydrogen peroxide 
may impart undesirable characteristics to food such as oxidized flavors, 
bleaching, and degradation of nutrients. 7 

Hydrogen peroxide is an effective antimicrobial by virtue of its oxidizing 
potential. Block 4 discussed and summarized the mechanism of action of 
hydrogen peroxide as the generation of a toxic specie (the hydroxy radical) 
by reaction of hydrogen peroxide with superoxide ion, the latter formed by 
reduction of molecular oxygen. The hydroxy radical, being very reactive, will 
immediately react and damage essential cellular components such as membrane 
lipids and DNA. 

Many fermentative bacteria, including the lactic acid bacteria, produce 
hydrogen peroxide as a mechanism for protecting themselves against oxygen 
toxicity. Hydrogen peroxide can be generated by a variety of mechanisms, 
including nonenzymatic superoxide reduction, and oxidase and dehydroge- 
nase-mediated reactions (reviewed by Fleming et al. 8 ). Hydrogen peroxide- 
generating cells protect themselves from hydrogen peroxide either by enzy- 
matically degrading it with catalase, NADH peroxidase, a manganese 
pseudocatalase, or by secretion and dilution into the bulk environment to 
nontoxic levels. 

B. Hydrogen Peroxide and Starter Culture Bacteria 

Shortly after the initial characterizations of nisin 9 anddiplococcin 10 in 1944, 
a report 11 appeared on an antibiotic-like substance produced by a strain of 
Lactobacillus lactis isolated from Gruyere cheese. The substance, designated 
lactobacillin, was later concluded 12 to likely be hydrogen peroxide, although 
its physical presence was not documented. This report was the first observation 
that certain antagonistic activities, by lactic acid bacteria could be due to 
hydrogen peroxide. Undoubtedly, during the earlier investigations of antagonistic 
activity of lactic acid bacteria, there were some uncertainties and 
misinterpretations as to the identities of the inhibitory substances produced by 
lactobacilli. In retrospect, after reviewing the literature, it appears that some 
of the uncertainties may stem from the probability that the observed antagonism 
was the result of several substances (i.e., bacteriocins, acids, and H 2 0 2 ) which 
were not evaluated individually. 

The observation of hydrogen peroxide production and accumulation was 
most often associated with the lactobacilli in contrast to the other lactic genera. 
Dahiya and Speck 13 investigated the inhibitory activity in culture filtrates of 
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DAYS AT 30 *C 

FIGURE 1. Accumulation of H : 0, in \% peptone broth during growth of Lactobacillus L-3 at 
30°C. (From Price, R. J. and Lee, J. S., 7. Milk Food Technol., 33, 13, 1970. With permission.) 

Lactobacillus lactis and Lactobacillus bulgaricus that were antagonistic to 
Staphylococcus aureus. The antagonism was demonstrated to be due to hydrogen 
peroxide by the dissipation of inhibitory activity when catalase was added to 
filtrates, and by direct measurement of hydrogen peroxide produced. Moreover, 
hydrogen peroxide concentration was maximal (12.5 mg/ml) when producer 
cells were held in glucose (0.25%) containing buffer at pH 7.0 for 15 d at 5°C 
Under their experimental conditions it was reported that 6 mg/ml was 
bacteriostatic and 20-22 |ig/ml was bacteriocidal for S. aureus. 

Price and Lee 14 identified strains of Lactobacillus plantarum, isolated from 
seafood, that were antagonistic to Pseudomonas, Bacillus, and Proteus species. 
The antagonistic component in L. plantarum culture filtrates was dialyzable, 
inactivated by heat, and completely inactivated when exposed tQ catalase (300 
IU/ml). Furthermore, hydrogen peroxide concentrations were measured and 
found to reach levels of about 8 to 9 |ig/ml after 2 d incubation at 30°C in 
1 % peptone broth (Figure 1 ). Moreover, between 2 to 4 d there was no increase 
in hydrogen peroxide levels, but at 5 d a concentration of 13 mg/ml was 
recorded that slowly decreased to 10 to 12 ug/ml after 10 d incubation. The 
inhibitory activity of the culture filtrates paralleled measured hydrogen peroxide, 
providing additional proof that L. plantarum produced hydrogen peroxide at 
levels inhibitory to certain bacteria. It was noted that Pseudomonas species 
were the most sensitive to the hydrogen peroxide containing L. plantarum 
culture filtrates. In addition, the minimum bacteriostatic concentrations for 
Pseudomonas species were determined to be from 2 to 8 mg/ml, which had 
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FIGURE 2. Inhibitory effect of hydrogen peroxide on Pseudomonas in 1% peptone broth at 30°C. 
Symbols: O. Pseudomonas PI-406; 0, Pseudomonas PII-320; , Pseudomonas PIII-332: A. 
Pseudomonas PIII-985. (From Price, R. J. and Lee, J. S„ J. Milk Food TechnoL. 33, 13, 1970. 
With permission.) 

the effect of increasing the bacterial growth lag time from 1 to 7 h. At hydrogen 
peroxide concentrations of 30 \ig/m\ the lag times were in excess of 200 h 
(Figure 2) and were predicted to become infinite at higher concentrations. The 
applied significance of these observations was discussed; the authors concluded 
that lactobacilli, by virtue of their inhibitory properties, may be beneficial in 
food products by preventing the growth of spoilage microorganisms such as 
Pseudomonas, 

The aforementioned study, and that of Dahiya and Speck, clearly 
demonstrated that lactobacilli under defined conditions are bacteriostatic, though 
not necessarily bacteriocidal, to certain microorganisms that contaminate foods. 
Collins and Aramiki 15 evaluated the ability of 4 strains of L. acidophilus to 
produce hydrogen peroxide under different environments. They observed that 
one of the strains (C) when held at 37°C in reconstituted skim milk (10%) 
and continuously shaken, produced in excess of 40 mg/ml at 12 h of incubation 
(Figure 3), but less then 5 mg/ml when held under static conditions. The same 
strains were further evaluated for their inhibitory effect against Pseudomonas 
fragii when inoculated into milk (4°C) containing the Pseudomonas bacteria. 
The authors 1 data indicated that a growth-retarding effect on P. fragii was 
evident (Figure 4) with some strains of L. acidophilus, however they also 
presented evidence that P. fragii could degrade a portion of the hydrogen 
peroxide produced. 
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FIGURE 3. Production of hydrogen peroxide by two strains of Lactobacillus acidophilus 
continuously shaken at 37°C with and without the addition of cataiase (42 Ug/ml). (From Collins, 
E. B. and Aramak, K., J., Dairy Sci., 63. 353, 1980. With permission.) 



Sweet acidophilus milk is a product in which viable L. acidophilus strains 
are added (>1 x 10 6 cfu/ml) to milk that is held under refrigeration conditions 
until consumed. The aforementioned results of Collins and Aramiki 15 led them 
to conclude that "Our results indicate that an impractically large number of 
L. acidophilus would be required for the accumulation of enough hydrogen 
peroxide to be a factor in extending the shelf life of such products" (i.e., Sweet 
acidophilus milk). Gilliland and Speck 16 observed antagonistic activities by 
L. acidophilus strains when grown in associative cultures with the foodborne 
pathogens, S. aureus and Salmonella typhimurium, and with enteropathogenic 
Escherichia coli. To eliminate pH lowering of the culture medium by L. 
acidophilus as a source of inhibition, automatic pH controllers were employed. 
The authors concluded that acid production and pH changes were not sufficient 
to explain the observed inhibition of the pathogens. The inclusion of cataiase 
into the associative cultures did reduce the antagonistic activities of L. 
acidophilus, but still greater than 50% of the antagonistic activity remained. 
They summarized their study with the statement that "The antibacterial action 
produced by L. acidophilus is probably due to a combination of factors including 
acid, hydrogen peroxide and other inhibitory factors including the antibiotics 
previously reported" (referring to Hamdan and Mikolajick, 17 Vakil and 
Shahani, 18 and Vincent et al. 19 ). 

The formation of hydrogen peroxide by the dairy lactococci has been 
studied, 20,21 and with some strains, 20 the concentration observed to accumulate 
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FIGURE 4. Influence of Lactobacillus acidophilus (strain C) on the growth afPseudomonasfivttt 
continuously shaken at 4°C with and without the addition of catalase (42 ug/ml). (From Coll.ns. 
E. B. and Aramak, K., J., Dairy Sci.. 63. 353. 1980. With permiss.on.) 

was inhibitory to the producer strain. It appears, however, that the lactococci 
do not accumulate hydrogen peroxide, in concentrations observed w.th the 
lactobacilli, perhaps reflecting a greater sensitivity to hydrogen peroxide, or 
more efficient enzymatic degradation systems. 22 A recent investigation- 
indicated that hydrogen peroxide production in Lactobacillus leichmanu could 
be induced by saturated fatty acids, i.e., palmitic acid, with subsequent 
accumulations of up to 7 mM (238 mg/ml). The amounts of hydrogen peroxide 
produced by dairy lactococci have been reported 24 to be quite small «.70 
mg/ml) with strains of L. lactis subsp. diacetylactis and L. fact is subsp. cremons 
after <»rowth at 25 to 30°C under static conditions in milk. Likewise, the same 
small" amounts of hydrogen peroxide were observed to be produced by 
Leuconostoc dextranicum. Similarly, hydrogen peroxide production and accu- 
mulation with Pediococcus cerevisiae* a meat starter culture, was very low 

(<1 mg/ml). . , . 

The roles of starter culture bacteria in food preservation in regard to hy- 
drogen peroxide production have been reviewed by Babel 26 and Gilhland. 
Both reviews described several approaches for using antagonistic starters in 
dairy products and other foods. Preservation strategies that may be considered 
are (1) addition of viable starter cells to foods where they can synthesize and 
secrete antagonistic components, (2) addition of spent microbial media 
containing antagonistic metabolites to foods, and (3) addition of purified 
antagonistic metabolites, i.e., nisin and hydrogen peroxide, etc. directly to 
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foods. Accordingly, the efficacy of the first two approaches depends on con- 
sistent strain performance, either in the food or in the medium to be added 
to the food. Furthermore, the antagonistic metabolites, all other metabolites, 
and the medium used would need to be compatible with the chemical and 
sensory identity standards of the food product. Some of these constraints also 
apply when using purified microbial metabolites. 

The addition of dairy lactococci to refrigerated milk (3.5 and 7°C.) to inhibit 
psychrotrophic bacteria was investigated by Juffs and Babel. 28 They observed 
that mixed cultures were more inhibitory then pure cultures of either L. lactis 
subsp.diaceytlactis or L. lactis subsp. cremoris, in suppressing psychrotrophs. 
The observed inhibition effect in the milk' was concluded to be bacteriostatic 
rather than bacteriocidal. Furthermore, at least a portion of the . inhibitory 
activity could be ascribed to hydrogen peroxide. Moreover, inhibition was also 
apparent in the absence of any significant acid production. Gilliland and 
Speck 29 used cultures of lactobacilli and pediococci to inhibit psychrotrophic 
bacteria in nonfermented refrigerated foods. They observed with ground beef 
held at 5°C having an initial psychrotroph count of 6.7 x 10 2 cfu/ml, that L. 
hulgaricus and L. lactis, when added, allowed the psychrotrophs to increase 
by only one log cycle in 3 d. In contrast, the control sample without lactic 
culture added permitted the psychrotrophs to increase almost three log cycles. 
Similarly, Pediococcus cerevisiae was also able to retard psychrotroph growth, 
but not to the same extent as the lactobacilli. In conclusion, these investigators 
suggested that the major inhibitory effect of the lactobacilli used in their study 
was likely from hydrogen peroxide production. Another investigation 30 on the 
inhibitory effects of L. bidgaricus on psychrotrophs, this time in sterile 
refrigerated milk (5°C), showed an average inhibitory effect of 26 to 82% as 
compared to the control afterstorage for 6 d. 

III. LACTOPEROXIDASE SYSTEMS 

Peroxidase systems have been known to have antimicrobial properties since 
the early 1940s when Agner 31 demonstrated the antimicrobial activity of a 
peroxidase preparation derived from leukocytes. It was later demonstrated, by 
Wright and Tramer, 32 that the peroxidase system of bovine milk had a similar 
inhibitory effect on certain classes of bacteria. The peroxidase system of 
bovine milk had been previously purified by Theorell and Akesson 33 and given 
the name lactoperoxidase. Immunochemical techniques were subsequently 
used to show the presence of lactoperoxidase in bovine saliva. 34 Further studies 
have demonstrated LP activity in the saliva of different animals and selected 
human secretions. 35 

The lactoperoxidase system (LPS) is one of several nonspecific antimicrobial 
systems present in bovine milk. 36 The active LPS includes three primary 
components: the lactoperoxidase enzyme, thiocyanate (SCN~), and hydrogen 
peroxide (H 2 0 2 ). The LPS is antimicrobial due to the production of toxic, 
short-lived, oxidation products when lactoperoxidase catalyzes the oxidation 
of thiocyanate by hydrogen peroxide. 
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Lactoperoxidase is a heme containing glycoprotein with a molecular weight 
of approximately 78,000. 37 Fractionation studies using conventional 
chromatography followed by eiectrophoretic analyses have identified at least 
10 fractions of LP in bovine milk. The different fractions are at least partially 
due to differences in the carbohydrate moieties of the enzyme. Some of the 
forms may be an artifact of the purification protocol and, hence, the significance 
of this heterogeneity in vivo is not clear. 

The classical peroxidase catalyzed reaction involves hydrogen peroxide as 
a hydrogen/electron acceptor, and another compound, designated AH2, as the 
hydrogen/electron donor. 

H,0 2 +AH 2 ->2H 2 0 + A (D 

The general mechanistic scheme for the above redox reaction (1), is as 
follows. 38 

ROOH+E . -» compound I -RO + H O (2) 

native r * 

AH-, + compound I - RO -> compound II + AH * +ROH (3) 



A'H 7 + compound II -> E native + A'H- (4) 
A'H *+AH -> A'H, + A (5) 



Total: ROOH + AH 2 -> H 2 0 + ROH + A (6) 

Note that equations (1) and (6) are equivalent when letting R = H, which is 
the case when hydrogen peroxide serves as the peroxide-oxidizing agent. The 
native resting enzyme, E na(ivc , is the peroxidase hemoprotein with its iron in 
the formal oxidation state of FEIII. In reaction (2) the peroxide is split in a 
two-electron oxidation of the enzyme complex to form water and a complex 
including compound I and -RQ. The formal oxidation state of iron in compound 

I is FeVrCompound I is then reduced by a single electron donation from AH 2 
to compound II. with the subsequent release of ROH. The iron of compound 

II has a formal oxidation state of FelV. A second single electron transfer then 
completes the cycle by reducing the enzyme to its resting FEIII state. 

The single electron donors likely to participate in the above reaction scheme, 
AH2, are compounds which give stable radicals such as phenols and ascorbate. 
However, the primary compound undergoing oxidation in the LPS is thiocyanate, 
which is not believed to be oxidized by sequential one-electron transfers, but 
rather by a single two-electron transfer process. 39 Evidence supporting this 
contention is that no compound II can be detected in defined LPS reaction 
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mixtures, and when compound II is produced by other means it.reacts very 
slowly with SCN". 39 Therefore, it has been postulated that compound I directly 
oxidizes SCN" by a 2 electron process similar to that observed for the per- 
oxidase-catalyzed oxidation of halides. The initial product(s) of the enzymati- 
cally catalyzed oxidation of SCN" has not been conclusively determined. It 
has been established that the principle product to build up in active aqueous 
LPS systems is hypothiocyanite (OSCN~) 40,41 which is in acid-base equilib- 
rium with hypothiocyanous acid (HOSCN), pKa of approximately 5.3. 42 
Proposed mechanisms for the production of hypothiocyanite/hypothiocyanous 
acid include the following. 41 

H 2 0 + 2SCN- + 2H + LPO 2H 2 0 + (SCN) 2 ; (7) 

(SCN) 2 + H 2 0 —» HOSNC + H + +SCN - (8) 

HOSCN-»H+ + OSCN- (9) 

or 

H 2 0, + SCN- LPO OSCN- + H 2 0 (10) 

The differences in the postulated mechanisms for peroxidase reactions with 
thiocyanate and **AH 2 "-type compounds provide a rationale for the limiting 
antimicrobial activity of the LPS at low SCN" concentrations. The limiting 
activity would be the result of compound I preferentially reacting with AH 2 - 
type compounds at low SCN" concentrations, to yield compound II. This is 
in contrast to compound I directly oxidizing available SCN". This results in 
a build up of compound II due to the relatively slow step of reducing compound 
II to E nativc . As mentioned above, compound II does not react at an appreciable 
rate with SCN'. Hence, there may be a competition between substrates in 
which the oxidation of SCN" leads to toxic products, while the oxidation of 
AH 2 does not. Oxidation products other than hypothiocyanite have been detected, 
in lesser amounts, in active LPS preparations 41 It was suggested that these 
trace products may be higher oxy acids of SCN". The significance of these 
products in vivo has yet to be determined. 

The mechanisms through which the LPS exerts its antimicrobial properties 
have not been conclusively determined 43 The primary products of the LPS, 
hypothiocyanite (OSCN") and thiocyanegen (SCN) 2 have been shown to oxidize 
protein sulfhydrals to sulfenyl thiocyanates (-S-SCN), disulfides (-S-S) and 
sulfenic acids (-S-OH) 43 It is conceivable that these oxidations may result in 
the deactivation of key metabolic enzymes or structural proteins 44 resulting 
in the death or inhibition of the target microorganism. The proposed reaction 
schemes for sulfhydral oxidation (below) are consistent with the experimentally 
observed proportionality between sulfhydral oxidation and H 2 0 2 concentra- 
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tion, and the apparent independence of sulfhydral oxidation with respect to 
thiocyanate concentrations, under certain conditions. 44 

OSCN- + Protein -SH-> Protein -S-SCN + OH" 

Protein - S - SCN + RSH -> Protein -S-S-R + SCN" + H+ (12) 

Protein -S-SCN + H-,0 <=> Protein -S- OH + SCN" + H+ (13) 

The proposed "turnover" of SCN" as depicted above may account for its 
apparent ability to participate in more than one oxidative cycle. Under these 
conditions, it may be rationalized that the total moles of oxidized sulfhydral 
derivatives will be proportional to the H 2 0 2 concentration, not thiocyanate. 
The reversal of LPS microbial inhibition by thiol supplementation supports 
the suggestion that sulfhydral oxidation is an important factor in the antimicrobial 
mechanism. 45 In vitro studies coincubating proteins and amino acids with the 
active LPS have demonstrated the potential for modification of aromatic amino 
acids. 46 They also observed that hypothiocyanous acid does not readily react 
with these amino acids, suggesting the formation of more reactive, possibly 
transient, intermediate oxidation products in the active LPS system. Further 
evidence for the production of products more toxic than hypothiocyanite in 
the LPS have come from studies comparing the toxicity of the active LPS in 
the presence of target microorganisms, versus the LPS products produced 
separately and then coincubated with the microbial population. In these 
experiments, exposure of the microorganisms to the active LPS was found to 
be more inhibitory than exposure to seemingly similar products produced 
separately. 4547 

In recent years there has been increasing interest in the practical aspects 
of using the bovine LPS as a milk preservative. To be utilized in this capacity 
it is clear that all three of the components of the LPS must be present before 
its antimicrobial properties are manifested. The concentration of the 
lactoperoxidase enzyme in raw milk is sufficient for bactericidal activity. In 
fact, lactoperoxidase is the most abundant enzyme in bovine milk. 48 The 
concentration of thiocyanate in milk is variable depending on the cow's diet, 
but levels between 1 and 10 ppm are typical 49 This level is a little below that 
suggested for maximum activity of the LPS, and hence the addition of small 
amounts (-8 ppm) of thiocyanate may be appropriate. However, milk normally 
contains sufficient thiocyanate to activate the LPS. 50 It should be noted that 
the concentration of thiocyanate in human gastric juices (-23 ppm) is greater 
than that which would be found in milk even after any possible supplementation 
of milk 49 In contrast to the other two components, the concentration of 
hydrogen peroxide in bovine milk is assumed to be negligible. Consequently, 
a source of hydrogen peroxide must be added to the milk to activate the LPS. 
Only relatively small amounts of hydrogen peroxide (-8 ppm) need to be added 
for the activation of LPS. This is in contrast to "traditional" methods of 
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hydrogen peroxide preservation which require the addition of up to 800 ppm 
hydrogen peroxide. 

Hydrogen peroxide can be supplied to milk in three main ways: (1) by direct 
addition of hydrogen peroxide, (2) by the addition of an isolated enzyme 
system which generates hydrogen peroxide (such as glucose/glucose oxidase), 
or (3) by inoculation with microorganisms that generate hydrogen peroxide. 
It appears that the most feasible method of supplying hydrogen peroxide for 
large scale dairy applications is to inoculate the milk with a safe, hydrogen 
peroxide-generating bacteria. One precedent for this methodology is the 
incorporation into raw bovine milk of Raw Milk Inoculum (RMI) currently 
marketed by Chr. Hansen's Laboratory, Milwaukee, WI (R. Sellars, personal 
communication). 

The lactoperoxidase enzyme of bovine milk is somewhat resistant to heat 
inactivation. This has led to the speculation that the LPS system may be utilized 
for milk preservation following pasteurization. The rate of heat inactivation 
of LP is strongly influenced by the composition of the milk. 37 In whole milk, 
-75% of the LP activity is lost after 15 s at 70°C. In contrast, partially purified 
LP was stable for 15 min at the same temperature. Martinez et al., 51 reported 
that approximately 75% of milk's original LP activity is present when assayed 
1 h following pasteurization at 63°C for 30 min. The same investigators noted 
complete recovery of full enzyme activity with additional postpasteurization 
time beyond 1 h. In their study they further demonstrated the antimicrobial 
properties of the LPS reactivated by thiocyanate and hydrogen peroxide 
supplementation following this pasteurization protocol, 63°C/30 min. The 
significance of this will be geographically limited, since in many locations milk 
is primarily pasteurized in the continuous HTST process (72-75°C for 15 s) 
or sterilized in the UHT process (135-140°C for a few seconds). - 

The LPS has been shown to inhibit or kill specific Gram-negative and 
Ggram-positive bacteria. 43 Reiter et al. 52 demonstrated that the system was 
bacteriocidal for some Gram-negative pathogens, including Salmonella 
typhimuriwn and Pseudomonas aeruginosa. The LPS is also inhibitory toward 
specific psychrotrophic bacteria in milk. 53 This is of particular importance 
because the heat-stable enzymes produced by these organisms may cause 
highly undesirable lipolysis and proteolysis in milk and/or subsequent end 
products. For example, Bjorck 53 found the free fatty acid content in cheese 
produced from LPS-treated milk was five times lower than that in corresponding 
controls following four months of maturation. In Bjorck's study it was shown 
that activation of the LPS has no effect on the physicochemical properties of 
the milk. 

Several recent studies have addressed the effectiveness of utilizing the LPS 
to inhibit the growth of Listeria monocytogenes. The LPS was shown to be 
bacteriostatic to Listeria monocytogenes Scott A cultured in broth, and the net 
lag periods varied inversely with temperature. 54 It was then reported the LPS 
exhibits bacteriocidal activity against Listeria in raw milk at refrigeration 
temperatures; the activity was dependent on temperature, incubation time, and 
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strain of Listeria monocytogenes* 5 From a different perspective. Kamau et 
al. 56 have shown the LPS enhances the thermal destruction of Listeria 
monocytogenes and Staphylococcus aureus suspended in milk, and they have 
proposed activation of the LPS, followed by heating, as a method to control 
milkborne pathogens. 

One approach to optimize the application of the LPS is to identify/develop 
compatible bacteria capable of generating adequate amounts of hydrogen 
peroxide at target temperatures. Bacteria that would generate optimum amounts 
of hydrogen peroxide (extracellular concentrations of ~8 ppm) at 2-5°C would 
be most beneficial due to the common practice of storing milk at these 
temperatures. Hydrogen peroxide is generated in all known bacterial systems 
that utilize oxygen as an oxidant. H^0 2 is the product of several enzymatic 
reactions, including those catalyzed by flavoprotein oxidases and copper- 
containing oxidases. 57 Examples of hUCK generating reactions occurring in 
lactic acid bacteria are as follows (taken from Fleming et ai. s ); 

O; +2H + Mll- + n '''^^>^' licM1 ^n^Klc.-cctuc t iun ) j_| Q ^ +! v| n 2* (]4) 

Pyruvate + O, + POV ^"'^""^ : acetyl phosphate + CO, + H^O^ ( 15) 
Lactate + 0, l " ll,cl:l(c > pyruvate + H,0 2 (16) 

Lactate + O, N^imic»v,ulent P-bciaic dehydrogenase ; pyruwM + H ,0, (17) 

NADH + H+ + O, NADHoxKh " c : NAD + H : 0 : (18) 

Once hydrogen peroxide is produced in cells it is usually eliminated rapidly 
by enzyme-catalyzed reactions. The major enzyme involved in hydrogen 
peroxide degradation in aerobic organisms is catalase/ s Intracellular peroxidases 
(hemoprotein and nonhemoprotein types) are also capable of eliminating 
hydrogen peroxide. Streptococci and lactobacilli organisms both contain a 
nonhemoprotein peroxidase which catalyzes the reduction of hydrogen peroxide 
to water. 59 Attempts to modify bacterial H 2 0 : production could potentially 
focus on the activity of either H.O : -generating or H 2 0 2 -degrading enzyme 
systems. Recent advances in genetic engineering, coupled with an increasing 
knowledge of hydrogen peroxide metabolism, suggests that the development 
of improved LPS-activating bacteria may not be unreasonable. 

IV. LACTOBACILLUS REUTERII AND REUTERIN 

An antimicrobial substance termed reuterin, produced by the obligate 
heterofermentative Lactobacillus re'uterii,' was discovered and characterized 
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through collaborative efforts of the Microbiology Departments of the Swedish 
University of Agricultural Sciences (Uppsala) and of North Carolina State 
University (Raleigh; NCy.^Lactobacillus reuterii, previously classified as a 
biotype of Lactobacillus fermentum, 60 is commonly isolated from the 
gastrointestinal tract of man and animals. Many strains have been characterized 61 
as having the ability to attach to epithelial cells, giving further credence to the 
belief that the preferred environment of this bacterium is the gut. 

The unique antimicrobial activity associated with L. reuterjj. was first 
recognized by Axelsson and co-workers. 62 Strains of L. reuterii isolated from 
pig intestine, 63 and the type strain ATCC 23273, were found to have a distinct 
inhibitory effect against Escherichia coll, A novel screening procedure 62 for 
antimicrobial activity was developed based on measuring a decrease in B- 
galactosidase synthesis in £. coll cells induced for B-galactosidase activity, 
and then cocultured with potential antagonistic lactobacilli species. Using this 
procedure it was discovered thatgpting cells of certain L. reuterii strains couid 
inhibit B-galactosidase activity ih^E. «>//.. The inhibitory effect was confirmed 
by testing the viability of E. coli cells when cocultured with L. reuterii and 
observing a decrease in viability from 10 7 cfu to JO 1 cfu after 8 h. A key 
observation was that the inhibitory effect was presentpnly when either glycerol 
or glyceraldehyde was added as a carbon source to the coculture system. This 
study also described the inhibition as being active against a broad spectrum 
of Gram-positive and Gram-negative bacteria. The inhibitor (reuterin) was 
characterized 64 * 65 for composition and synthesis requirements. 66 Initial 
investigations provided evidence that the inhibitor was not one of the common 
metabolic end products associated with lactic acid bacteria, such as lactic acid, 
acetic acid, or hydrogen peroxide. However, it was apparent that the inhibitor 
was a water-soluble, nonproteinaceous, neutral metabolite directly associated 
with glycerol metabolism. Subsequently it was determined that the inhibitor 
was an equilibrium mixture of monomelic, hydrated monomeric, and cyclic 
dimeric forms of (3-hydroxypropionaideyde (Figure 5). A pathway for reuterin 
synthesis was proposed as a result of experiments using uniformly labeled 
[ I4 C] glycerol as the substrate. The pathway is given in Figure 6. 65 

A cell culture system was developed for producing sufficient quantities of 
reuterin for purification and chemical analysis. Pure reuterin was analyzed 65 by 
Fourier transform infrared spectroscopy, nuclear nfagnetic resonance 
spectroscopy, and mass spectroscopy. Confirmation as to the composition of 
reuterin was provided by the chemical synthesis of (3-hydroxypropinoaIdehyde. 
The synthesized compound exhibited HPLC elution patterns and antimicrobial 
activity essentially as those produced by reuterin isolated from L. reuterii. 
Subsequently a key enzyme in the reuterin pathway (glycerol dehydratase) was 
purified and characterized. 67 The mode of action of reuterin has not to date been 
fully elucidated. Unpublished data cited by Talarico and Dobrogosz 65 indicated 
that reuterin can inhibit ribonucleotide reductase activity, which may help 
explain its broad spectrum of activity including antibacterial, antimycotic, and 
antiprotozoal effects. Also cited by Talarico and Dobrogosz were experiments 
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FIGURE 5. The ihree forms of reuterin present in aqueous solution. (From Talarico. T. and 
Dobroeosz. W. J.. Annmicrob. Agents Chemother., 33. 674, 1 989. With permission.) 



that demonstrated that the enzyme thiodoxin was inhibited by reuterin. More 
definitive research needs to be conducted to determine the mode of action of 
reuterin. 

Reuterin has a broad spectrum of activity that makes it a candidate for an 
assortment of antimicrobial applications. However it is not evident from the 
existing literature what, if any, toxicity reuterin has toward mammalian 
organisms. This information would almost certainly be essential for reuterin 
to be approved for use in clinical settings or as a direct food additive. 

Several general approaches can be considered for the application of reuterin 
in food processing and preservation. Reuterin-producing L. reuterii could be 
added with glycerol to a food or food system to suppress or contain naturally 
occurring spoilage microorganisms. An example of this type of approach was 
demonstrated by Lindgren and Dobrogosz 68 using herring filets stored at 5°C 
. The filets were dipped in a solution containing 1 x 10 9 cfu/ml of L. reuterii 
and 250 mM glycerol. Controls consisted of untreated herring and a non- 
reuterin producing strain of L. reuterii with glycerol. It was observed that initial 
levels of Gram-negative bacteria (~ 1 x 105 cfu/g) rose to approximately 1 
x 10 8 cfu/g in 6 d with untreated fish, whereas with L. m/renV-treated fish, 
the numbers of Gram-negative bacteria rose only about 1 log within the same 
time period (Figure 7). The above-described experiment illustrates the potential 
of L. reuterii to extend the economic shelf life of perishable raw products such 
as refrigerated herring. What effects, if any, the addition of L. reuterii would 
have on sensory characteristics was not addressed. 
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FIGURE 6. Proposed pathway of glycerol fermentation in L. reutcrii. Glycerol is converted to 
P-hydroypropionialdehyde b y a dehydrase. Two molecules of the aldehyde then undergo an 
aldehyde dtsmutation to form equimolar quantities of TMG and p-HPA. (From Talarico, T., Ca, 
I. A., Chung. T. C, and Dobrogosz, W. J.. Antimkmh. Agents Chemother.. 32, 1 8754, 1 988. With 
permission.) 



A symbiotic relationship between L. reutreii and its host (animal digestive 
tract) was postulated and discussed by Chung et aJ. 66 It was proposed that L. 
reuterii may exist as an enteric symbiont and benefit the host by regulating 
the intestinal microflora and by preventing invasive pathogenic microorganisms 
from becoming established. A mechanism for this system was suggested to 
be the induction of reuterin synthesis, and excretion by physical contact by 
heterologous microbial cells. The process termed "heterologous induction" 
may have application in the promotion of animal health in commercial food 
species. Significant weight gains (20-30%) in commercially raised poultry 
have been observed (W.J., Dobrogosz, private communication) in birds that 
had reuterin-producing L. reuterii introduced into their digestive systems. The 
weight was believed to be the result of reuterins antagonizing or inhibiting 
intestinal microflora that can compromise avian health. 

Lastly, another application approach, in systems where the intentional addition 
of microorganisms would not be desirable, would entail the direct addition of 
purified reuterin or reuterin-containing supernatants. An effective food 
preservative should be stable under conditions in which it is expected to be 
used. Studies on the stability of reuterin 64 indicated a half life of 14 d at 37°C 
and pH 6.5. Reuterin was also shown to be more stable under acidic conditions 



Hydrogen Peroxide, Lactoperoxidase Systems, and Reuterin 



171 



LOG CFU G 
10 r 




0 2 4 6 8 10 

DAY 

FIGURE 7. Levels of Gram-negative bacteria in herring filets stored in 100% N, at 5°C: A. 
nontreated control; 0. treatment with L. re///m7 1068 (nonreuterin producer) and glycerol; ■. 
treatment with L. reitterii 1063 (reuterin producer) and glycerol (5 replicates). (From Lindgren. 
S. E. and Dobrogosz. W. J„ FEMS Microbiol. Rew. 87, 149. 1990. With permission.) 

and irreversibly inactivated under alkaline conditions. However it was 
observed to be very stable (no decrease in activity within 6 months ) when 
held at 5°C. Thus, the potential of reuterin as a food preservative would 
likely be with foods or beverages held under refrigeration temperatures. An 
example of such an application was reviewed by Daeschel. 69 in which 
reuterin was added to ground beef held at 4°C. Decreases in coliform popu- 
lations were observed when 50 to 100 units of reuterin were added to the meat 
while control samples (no reuterin added) had 4 log increases in coliform 
populations (Figure 8). 

V. CONCLUDING REMARKS 

Studies addressing antagonistic activities in the lactic acid bacteria have 
clearly shown that antagonism can stem from a variety of secondary and 
primary metabolites. Low-molecular weight metabolites such as hydrogen 
peroxide and reuterin, in contrast to bacteriocins, are inhibitory to a broad 
spectrum of microorganisms, a desirable characteristic for food preservatives. 
However, compounds like hydrogen peroxide are highly reactive and interact 
with food components, hence limiting their usefulness. In situ generation of 
hydrogen peroxide by lactic acid bacteria in foods is an appealing preservation 
strategy, however the amounts generated by most lactic acid bacteria, with the 
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FIGURE 8. Effect of reuterin on col i forms in ground beef. (From Daeschel, M. A., Food Techno/.. 
43, 164, 1989. With permission.) 

notable exception of some lactobacilli, are of insufficient quantity to produce 
significant preservation effects. Perhaps this limitation could be surmounted 
by genetic manipulation of the cellular regulatory systems governing hydrogen 
peroxide production and degradation, i.e., hyper hydrogen peroxide-producing 
starter cultures that are insensitive to amounts produced. An intriguing 
observation recently reported 23 was the production and accumulation of very 
large amounts of hydrogen peroxide by Lactobacillus leichmanii when it was 
cultured with saturated fatty acids. Additional research is warranted to further 
the understanding of how to manipulate hydrogen peroxide production. 
Furthermore, increased knowledge of starter culture hydrogen peroxide pro- 
duction would allow lactoperoxidase systems to function more efficiently by 
having optimum substrate amounts of hydrogen peroxide available. Also, in 
regard to the LPS, a better understanding of how the toxic primary products 
(hypothiocyanite and thiocyanegen) kill microorganisms would allow the 
development of more efficacious preservation approaches. New and continuing 
investigations are to be encouraged to understand the unique metabolite reuterin 
and how best to utilize its preservation properties. The study of microbial 
metabolites is an exciting endeavor with new and applicable information being 
published regularly. It is hoped the research momentum continues, and that 
highly efficacious, economic, and safe preservation strategies using microbial 
metabolites become viable alternatives or supplements to existing food 
preservatives. 
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